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LONGINES 


THE WORLD'S MOST HONORED WATCH 


Ff) ; ! , 
Vi ic Mhiastin -cne waleh 
hipil in sunning 


n October 21, 1942, eight men in a Flying 
Fortress made a forced landing on the 
Pacific. Three rafts were inflated as the 
ad settled. Six minutes later, the plane 
isappeared and the men were alone in the 
broad Pacific. Thus began an ordeal of drift- 
ing; burned with sun and salt water, starved 
arched with frightful thirst; that 
on with a miraculous rescue 21 long 
days later. It is the now epic adventure of 
the Rickenbacker Pacific Mission. One by 
one all of the watches in the party, except 
one, stopped running. No watches are built 
for the punishment these watches suffered. 
But we are proud that the one that kept 
on running was a Longines. 
Longines-Wittnauer Watch Co., Inc., New York, 
Montreal, Geneva; also makers of the Wittnauer 
Watch a companion product of unusual merit. 


Longines 


WINNER OF 10 WORLD'S FAIR GRAND PRIZES 
AND 28 GOLD MEDAL AWARDS 





* Be: 
The beating heart of every Longines Watch is the 


Longines ‘Observatory Movement,*"’ world honored 


for greater accuracy and long life. *Re«.\ 
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two weeks later, 
place, he talks on 





Same paper, same 


ACTS presented by Maurice Zolotow 
“Hitler’s Horoscope.” 


in The Saturday Evening Post of 


April 17th show that astrology is not Meanwhile, thanks to the Los An- | 
losing its grip on the millions. In “The — geles city ordinance banning advertising 
Soothsayer Comes Back,” Mr. Zolotow by fortunetellers, another astrologer, 


Anthony Norvell, was sentenced to 150 
days in jail or a fine of 75 dollars. His 
defense, partly, was that he did no for- 


tells us that there are about 30,000 prac- 
ticing astrologers in this country, 22 
regional associations, some 2,500 daily 


and weekly newspaper astrology fea-  tunetelling and dealt only in horo- 

tures, 500,000 circulation for one month- scopes! 

ly astrology magazine (a 400 per cent Most astounding of all is the case of 

increase since Pearl Harbor). California’s Assembly Bill No. 1793, 
If these figures are of the right “order which created quite a furor. In the 


Daily Bruin of April 4th, we read: 

“The stars have turned on Astrol- 
ogers. A bill creating a [state] board 
of astrology and requiring practitioners 
to be licensed came before the Assem- | 
bly Ways and Means committee today, 
after passing its first ordeal before the 
Governmental Efficiency committee two 
weeks ago. Explaining only that they 
had decided ‘this is not the time,’ astrol- 
ogers who had designed the bill asked 
that it be allowed to die.” 

We wonder how such a bill got that | 
far and why the astrologers had such | 
a surprising change of heart. 


of magnitude,” it is time for more lead- 
ers and educators than just those few 
interested in astronomy to begin a fight 
to forestall further spread of such do- 
ings as those in California recently. 
For in the sunny state, atop two of 
whose coastal mountains are perched 
our two largest observatories, astrology 
flourishes today as never before. Adver- 
tised in the Hollywood Citizen-News of 
March 20th is a lecture by “the na- 
tionally-known  astronomer—lecturer— 
preacher, Phillip L. Knox.” Two thou- 
sand persons heard him one Saturday 
| night, apparently just on astronomy, but 








OL. No. 8 INE 2 
aga aap CONTENTS JUNE, 1943 
Whole Number 20 

COVER: The 72-inch reflector of the Dominion - Astrophysical Observatory at Victoria, 


British Columbia, Canada, with the late Dr. J. S. Plaskett, first director of the observa- 
tory, standing by the telescope controls. Dr. Plaskett was largely responsible for the 
design and construction of the instrument. The spectrograph is attached at the lower 
end of the tube. See page 8 for an article describing the recent aluminizing of the 
large mirror. 


IN THE MYSTERIOUS LAND OF RV TAURI STARS — Sergei Gaposchkin...... 3 


SUN WORSHIP—PAST AND PRESENT — William H. Barton, Jr. ............0000 6 
ALUMINIZING THE 72-INCH MIRROR AT VICTORIA — Andrew McKellar...... 8 
PRONOUNCING ASTRONOMICAL NAMES  ..cccccccccccccsccsssccccsssccvercsscccssscecssoncscsesssccess 12 
HOW TO PREDICT OCCULTATIONS — Jesse A. Fitzpatrick ...........c.cccccsssseeeeeeees 14 
Air -and Sea amd? Sky ........ccccsccesscaccocess 21 Gleanings for A.T.M.s .............cese00 18 
Amateur Astronomers. ................:00+ 20 PEN cosets ncasceaessnaicsicstauerscverick 11 
Astronomical Anecdotes .................... 5 CN ORO ii ciesecsessnissorsicsshassicass 23 
RENEE SAG voice cecasccescesintsiccovsscetis 17 Sauce for the Gander ........................ 17 
ne UD Bis TEED: saisesccensscccgstesinaies 16 The Stars for June ...............cccsccceeee 22 


BACK COVER: A field full of galaxies—the Corona Borealis cluster—centered on R.A. 
15h 19.3m, Dec. + 27° 56’ (north at the top); scale, about 83 seconds per inch on the 
reproduction. Photographed by Edwin P. Hubble on June 20, 1933, with the 100-inch 
reflector at Mt. Wilson Observatory. See “In Focus” on page 20 for further details. 





SKY AND TELESCOPE is published monthly by Sky Publishing Corporation, Harvard College 
Observatory, Cambridge, Mass. Entered as second class matter, April 28, 1939, at the Post Office, 
Beston, Mass., under Act of March 3, 1879; accepted for mailing at the special rate of postage 
provided in Paragraph 4, Section 538, Postal Laws and Regulations. 

Subscription: $2.00 per year in the United States and possessions ; $2.50 foreign (including Canada). 
Single copies: 20 cents. Make checks and money orders payable to Sky Publishing Corporation. Send 
notice of change of address 10 days in advance. 

Editorial and general offices: Harvard College Observatory, Cambridge, Mass. 
Fred B. Trimm, 18 East 48th Street, New York City; ELdorado 5-5750. 


Advertising director: 




















In the Mysterious Land of 
RV TAURI STARS 


A Dialogue between Don Quixote and Sancho Panza 


By SERGEI GAPOSCHKIN, Harvard College Observatory 


iy Quixote. I have had an in- 
spiration to go to the land of 


mystery: the land of the RV 
Tauri variables. 
Sancho Panza. You have already 


used some words without defining them. 
Is that the way to start a scientific 
exploration ? 

Q. Must I define the RV Tauri 
class? Ordinarily a_ classification is 
based on some characteristics of the in- 
dividuals composing the group. For 
variable stars we can have the cause of 
the light variation as our characteristic. 
Thus we have intrinsic and extrinsic 
variables, and our RV Tauri stars would 
be called intrinsic variables. 

S. And eclipsing variables are ex- 
trinsic? For their variation of light is 
chiefly due to an obscuration of one 
luminous star by the other one; and in- 
trinsic variables are those which have 
the cause of their light variation inside 
themselves—for example, novae, long- 
period, and Cepheid variables? But 
how about stars which vary in bright- 
ness because they are in a nebula, and 


how about some eclipsing variables 
which have components with an _in- 
trinsic variation? And what about 


changes in spectrum, in radial velocity, 
and so on? 


Q. RV Tauri stars are not eclipsing 
variables, not novae, not Cepheids, and 
not long-period variables. 

S. A negative definition is not a 
definition at all. 

Q. You are trying to be very clever. 
Let us then begin from the beginning. 
A variable star has three fundamental 
characteristics : 

Light variation (light curve) 

Surface variation (radial-velocity 
curve) 

Color variation (spectrum or color- 
index curve). 

S. But some variables, like eclipsing 
variables, have no change in surface. 

Q. Then their radial-velocity curve 
refers to their orbital motion. 

S. And some eclipsing variables have 
a component with real intrinsic varia- 
tion of light, of semiregular form. 

Q. Then we can call them intrinsic 
variables also. 

S. Will you please go back to the 
RV Tauri stars now? Are they regular 
or irregular—are they blue or red— 
are they heavy or light—big or small ? 

Q. They are neither regular nor 
irregular; they are semiregular. They 
are neither blue nor red, but yellow. 
They are neither big nor small. With 
respect to their light curves, I would 






































Q. You should not ask so many class them as quasi-Beta Lyrae, if you 
questions, and jump ahead so quickly. recall this famous variable. 
S. But where is your RV Tauri S. Yes, I remember. But why do 
class ? you call them semiregular? Is the Beta 
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characteristics of 
variable stars are plotted here for 


Four important 


the RV Tauri stars. The width of 

the spectrum and color curves indi- 

cates the range in the variation of 

these characteristics. The general 

form of the light curve is similar to 
that of Beta Lyrae. 


Lyrae light curve semiregular? I 
thought the star had a very constant 
period of light variation. 

Q. It has. But the RV Tauri class 
has also a periodicity in its light varia- 
tion. ‘The point is that if you look at 
the figure, you will find a similarity 
with the light curve of Beta Lyrae. The 
reason it is called “quasi” is that Beta 
Lyrae is a double star and RV ‘Tauri is 
not. And when I said it has a semi- 
regular variation, I meant that the light 
curve does not hold its shape all the 
time. And often the primary minimum 
remains deeper than the secondary, but 
also, they often interchange their deep- 
ness. 

S. And all the stars in the RV Tauri 
class behave so? 

Q. That is a question. Look here. 
When we say that an average Ameri- 
can is moderately tall, not very dark, 
humorous and smart, do we mean that 
all Americans are such people? 

S. Of course not. How can 
make up such a thing as an average 
American? Will you take a New Eng- 
lander. who is mostly English, or a 
Middle Westerner, out where there are 
many Scandinavians, or a ‘Texan? If 
it is as difficult to classify RV ‘Tauri 
variables as to classify Americans, then 
it is hopeless, and where does science 
get you? 

Q. Don’t despair. There are mil- 
lions of Americans, and only two or 
three dozen known RV _ ‘Tauri stars. 
But even so, these two or three dozens 
were so dificult to group that 15 years 
ago astronomers were very confused 


you 
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about their chaiacteristics. One as- 
tronomer said that the only real RV 
Tauri star is RV Tauri itself. On the 
other hand, another emphasized that 
RV Tauri wasn’t an RV Tauri star, 
and should be put in a different group. 

S. What is the situation now? 

Q. At present, some astronomers are 
in agreement that RV Tauri variables 
can be rather narrowly defined as fol- 
lows: 

1. Deep and shallow minima in- 
terchange their depths. 

2. The stars vary in spectrum and 
in radial velocity periodically. 

- 3. The spectrum at maximum is 

about F, G, or K. 

S. If it is so simple, then why was 
there any difficulty? 

Q. The trouble was always con- 
neeted with so-called secondary char- 
acteristics. For example, some of these 
stars showed considerable deviation 
from a predicted periodicity, though on 
the average the period holds very well 
for 30 or 40 years. Then, the mean 
brightness of some RV ‘Tauri stars is 
undergoing fluctuations: there appears, 
so to speak, to be another light varia- 
tion superimposed on the first. And it 
is interesting to note that such mean 
fluctuations occur usually in RV Tauri 
stars which have a period close to 75 
anys. 

S. How funny. 

Q. And further, the stars which 
have much longer periods seem more 
eager to interchange their minima and 


to show irregularity in their light 
curves. 

S. Do these peculiarities indicate 
some physical differences? Are these 


stars bigger or smaller, heavier or 
lighter, hotter or cooler, than the other 
RV Tauri variables? 

Q. Probably not, but you have just 
mentioned three of the four physical 
characteristics of a star which we call 
essential, and combinations of which 
make up the many observed varieties of 
stars. 

S. I have mentioned three: the size, 
the mass, and the temperature. What 
is the fourth?. 

Q. The fourth is a little more diff- 
cult to explain. It is connected with 
the mean molecular weight of the stuff 
composing the star. You are obviously 
informed, being associated with my 
wanderings over many lands, about the 
relative weights of the so-called atomic 
elements. The lightest is the famous 
hydrogen, and if one talks about the 
mean molecular weight of the stuff in- 
side a star, one thinks always in terms 
of hydrogen’s weight. 

S. What has this to do with our 
RV Tauri variables? 

Q. I have told you this will be a 
little more difficult. You see, if one 
has a given mass, radius, and luminosity 
for a star, then, having information on 
the molecular weight, one is able to 
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determine how the star in question is 
built—how the temperature and density 
inside the star, and the supply of food 
for its continuous shining, are main- 
tained. 

S. And all this is connected with the 
question of how the RV Tauri stars 
differ physically from the other stars? 
Do we have some glimpses now into the 
question of the food supply for these 
stars? 

Q. I hope you know something 
about the easiest variables to understand. 
the long-period variables? 

S. I do. What then? 

Q. Then you may know of another 
group of variables, the Cepheids? 

S. They are usually called pulsating 
stars. ‘They pulsate sometimes in a very 


The RV Tauri stars are shown here 
in their relation to the other var- 
iables and to stars in general, with 
respect to absolute magnitude (ver- 
tical scale) and central temperatures 
(horizontal scale), and to the sub- 
atomic processes inside the stars 
(hydrogen, lithium, beryllium, and 
boron). 


short time—the shortest known period is 
88 minutes. Is that right? 

Q. It is true, but it is not important 
for our discussion. I want you to re- 
member that the long-period variables 
are the coolest stars among the vari- 
ables—the coolest inside. 

S. You mean right inside, at the 
center of the star? How do we know 
about that; we could never put a ther- 
mometer there. 

Q. But do you think we were on the 
surface of the sun in order to measure 
its size? You see, there are indirect 
ways of measuring the size of the sun, 
and there are indirect ways of com- 
puting temperatures inside the stars. 
This is one of the most fascinating 
branches of astrophysics today. 

S. And what next? 

Q. You see, the physical character- 





istics, like mass and radius, are very 
closely connected with the supply of 
heat of the star, and they also answer 
questions as to what type of material 
the star now has at its disposal. 

S. And you mean that the star re- 
receives his supply from outside? 

Q. Perhaps it may, but this is not 
yet well known. The real supply comes 
from inside. 

S. Then why do you say, what kind 
of material the star is using? Is it not 
obvious that the star will use all the 
stuff inside it all the time until it is 
burned up? 

Q. Not at all. Inside of a star 
there are all sorts of material. Let us 
say, there is iron, carbon, helium, hy- 
drogen, lithium, beryllium, and so on. 
But the point is that some of this 
material is not used and carnot be used 
at a given time. 

S. Why? Is it hidden? 

Q. No and yes. Better to say that 
the star cannot swallow some of its re- 
serves. ‘The conditions are such that 
the star has its own rationing books for 
its food supply. 

S. You mean that at a given time 
the stars can use only a given part of 
their stored fuel? 

Q. Yes. You have hit the nail on 
the head. In addition, they have 
breakfast, lunch, and evening diets, but 
with one little difference from ours. 
They have a very long breakfast, a very 
long lunch, and a very long supper, and 
above all, they have only one breakfast, 
only one lunch, and only one supper. 

S. That seems very strange. But 
what about our mysterious RV Tauri 
variables? 

Q. We can go back now. You see, 
all these deviations were intentional and 
necessary. 

S. Would you like to summarize 
these deviations for me? 

Q. The main characteristics of a 
star are the size, the mass, the bright- 
ness, and the molecular weight. From 
these we can find the structure of a star, 
its central temperature, its food supply 
and its meal at a given time. I have 
mentioned especially two groups of vari- 
ables, the long-period variables and the 
Cepheids. That was with the inten- 
tion of showing that the RV Tauri 
stars occupy the middle stage between 
these two well-defined groups. 

S. And what about their feeding? 

Q. The long-period variables have 
a great range in brightness and mass, 
and the Cepheids similarly, the latter 
being systematically above the former 
and slightly to the right, as you will 
see from the diagram. 

S. And RV Tauri stars are in be- 
tween ? 

Q. Yes, they are, only they do not 
run parallel to the other two, but some- 
what across them. The long-period 
variables are having their early break- 
fast and using the material called 




















ASTRONOMICAL ANECDOTES 


PTOLEMY’S MAGNITUDES 


T was almost certainly Hipparchus 

who invented the scheme of using 
six magnitudes for the naked-eye stars, 
and Ptolemy extended this idea by 
specifying, in addition to whole mag- 
nitudes, qualified values of “brighter 
than” and “fainter than.” He _ used 
the designations meizon and _ elasson, 
thus: a star designated “1-2 elasson’’ 
is fainter than magnitude 1; a star 


designated “3-2 meizon” is_ brighter 
than magnitude 3. 
In the Harvard Annals, Vol. 14, 


Prof. E. C. Pickering discussed the 
magnitude scale of Ptolemy, with the 
result that the following equivalents 


Ptolemy Harvard Ptolemy Harvard 


1 0.5 3-4 3.8 
1-2 1.2 4-3 3.8 
2-1 1.2 4 4.4 

2 2.1 4-5 4.6 
2-3 2.6 5—4 4.7 
3-2 2.7 5 5.0 

3 3.3 6 5.4 


were established between Ptolemy mag- 
nitudes and the Harvard photometry. 





lithium. Some of them have finished 
with that and some are still in the midst 
of it. The Cepheids are of even 
greater variety. Some of them have 
already passed the stage of lithium and 
are coming to beryllium and_ even 
boron. 

S. And the RV Tauri class is in 
between ? 

Q. As I said before, the group of 
RV ‘Tauri stars is a difficult one. And 
the chief difficulty is that we know so 
few ways of finding out about their 
fundamental characteristics—those four 
about which we just talked. Our un- 
derstanding of the problem has been 
made possible by our deviations from a 
direct course. In many respects, the 
RV ‘Tauri stars seems to occupy the 
middle position between the long-period 
variables and the Cepheids. 

S. It is clear. But it is funny that 
you did not mention anything about 
what I thought was on the lips of 
many astronomers recently—the ‘“over- 
tones” of RV Tauri stars and intrinsic 
variables in general. 

Q. This is indeed a very interesting 
question, but I have not talked about 
it chiefly because it refers to so-called 
secondary characteristics — in other 
words, secondary fluctuations in the 
light curve. These secondary fluctua- 
tions are related to the primary light 
variations as an overtone is to a fun- 
damental’ tone. The point can be well 
shown by blowing strongly or softly on 
an organ pipe. But this is a whole land 
in itself, for it refers to many sorts 
of variables. Perhaps we shall take 
a trip to this land some other time. 


It would be easy to suggest improve- 
ments on Ptolemy’s scale. Why he 
bothered to designate some stars at 1-2 
and others as 2-1, when they turn out 
to be equivalent, is difficult to under- 
stand. His scale is not uniform, of 
course, but it is consistently extended 
from the real magnitudes 0.5 to 4.4, 
while two full magnitudes are allowed 
between the real magnitudes 4.4 and 5.4. 

In the March “Anecdotes,” I sug- 
gested that we shouldn’t worry too 
much about our somewhat unwar- 
ranted inference that Bayer intended to 
call Castor brighter than Pollux, be- 
cause he was using the magnitudes of 
Ptolemy. A much more striking case 
of the same sort is that of @ and B 
Sagittarii, two stars of the 4th mag- 
nitude in a constellation notable for its 
many brighter ones! So if one really 
wants to worry about possible changes 
in magnitudes of stars, Ptolemy’s work 
offers a splendid opportunity. The 
accompanying list shows some Ptolemy 
values of star magnitudes compared 
with modern values. A spurious pre- 
cision is shown in the Ptolemy values 
as listed, for I have reduced them to 
Harvard values by the use of Picker- 
ing’s table above. 

Now here is enough material to give 
a worrier gray hair! For example, 
how could Ptolemy have called the 
fainter of the Guardians of the Pole 
(y Ursae Minoris) as of his magnitude 
2, while calling the pole star magnitude 
3? How could he have underestimated 
the magnitude of y Geminorum by 
such a large amount? Indeed, he has 
considered it to be only one fourth as 
bright as it really is. And in Sagit- 
tarius, B is called 2.1 magnitudes too 
bright; a, 1.5 magnitudes too bright; but 
Epsilon is 1.3 magnitudes too faint. 
Bayer must have given the pole star 
special consideration, so he does not 
follow Ptolemy there, but in Corvus he 
certainly played follow the leader with- 
out looking at the sky, for he lists two 
stars as of equal brightness, whereas 
one is actually almost four times as 
bright as the other. 

In all of this, however, we should 
remember that Pickering had to take 
broad averages of large numbers of 
stars to get the equivalent of the 
Ptolemy magnitudes, and any one of 
them chosen at random is likely to be 
considerably in error. So we should 
be very glib if we were to assume even 
for an instant that a difference between 
Ptolemy and a modern magnitude indi- 
cates a real change of brightness. 

But need we worry about Ptolemy’s 
magnitudes? Or Bayer’s, for that mat- 
ter? Aren’t we entitled once in a while 
to label something as a pretty bad ob- 


servation, and to let it go at that? Even 
the great Sir William Herschel esti- 
mated badly occasionally, and two of his 
strangest errors—discovery of active 
volcanoes on the moon, and a firm be- 
lief in the habitability of the sun—are 
now generally forgotten. 

Whether or not we can understand 
some of these obvious blunders of 
Ptolemy, we can agree, I think, that all 
in all his magnitude-estimating wasn’t 
too terrible; the relative difficulty of the 
two tasks makes his magnitudes really 
better than his measurements of posi- 


Star Ptolemy H.P. Diff. 
a Ursae Minoris 3.3 2.1 +1.2 
’ is _ 2.1 3.1 —1.0 
& Ursae Majoris 3.3 39°. 2G 
wu. Draconis 4.4 5.1 peas y 
3 “ 4.4 32 +1,2 
1, Coronae Borealis 3.8 5.0 —1.2 
7 e st 1.2 2.3 —1.] 
y Cygni 3.3 ra +1.0 
a * 2 oe ee! 
B Tauri yw | 1.8 +0.9 
8 Sagittae 5.0 3.8’ +12 
a Geminorum 2.1 1.6 +0.5 
B " 2.1 1.2 + 0.9 
7 ’ 33 19 414 
B Leonis 1.2 2.2 1.0 
a Scorpii 2.1 1.2 +0.9 
r ef 3.3 1.7 +1.6 
) 4.4 2.8 +1.6 
¢ Sagittarii Be 2.0 +1.3 
B . 2.1 4.2 —2.] 
a ” 2.6 4.1 —1.5 
nm Ceti ao 44 —}.] 
B Eridani 44 2°9 ras 
€ * J 3.8 —0.5 
B Canis Majoris 3.3 2.0 th 
B Canis Minoris 4.4 3.1 + 1.3 
a Microscopii 3.8 5.0 1.2 
y Velorum 2.6 3.6 1.0 
a ° 33 2.0 +1.3 
a Corvi 3.3 4.2 —().9 
is 3.3 2.8 + 0.5 

ra | 0.9 + 1.2 


B Centauri 


tion. The latter were done with in- 
struments, and could have been checked 
roughly with the unaided eye; the 
“photometry” of Ptolemy was done 
without instruments and is not so very 
bad. 

My own opinion is that any mag- 
nitude estimated more than a century 
ago is to be regarded with high sus- 
picion, if it differs from a modern 
measure. 

But now I’ve made a job for myself: 


in the work of Peters and Knobel 
described in the April “Anecdotes” as 
“a very careful work,” I find many 


errors in the modern magnitudes! In 
one instance, a close double star, whose 
components are of individual magnitudes 
4.4 and 4.8, is set down as of apparent 
combined magnitude 4.6, whereas it 
should have been 3.9. Indeed, almost 
every double star in the list has had its 


combined magnitude incorrectly com- 
puted. Can no work be trusted ? 
R. K. M. 
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Planetarium this month. 












The celestial goose which was believed 
by the Egyptians to lay daily the egg 


which hatched into the sun. 


HE sun worshipers are in_ the 

parks of our cities now, sitting or 

sprawling on the benches with 
their faces upturned to the sun. On 
warm, bright days they sit there drink- 
ing in the rays that for eight minutes 
and 20 seconds have been speeding 
across the 93 million miles that sep- 
arate us from their source. ‘There are 
ultraviolet rays, infrared rays, and that 
band of visible light which, when se- 
lectively treated, makes the grass green, 
the rose red, and the sky blue. Yes, 
1943 has its sun worshipers. 

The sun has always been the subject 
of reverence, but not to so complete an 
extent as many may believe. ‘This 
nearest star is one of the most con- 
spicuous objects in the physical world, 
and its radiation being so powerful, it 
has attracted the attention of many 
races, who personified the sun and wor- 
shiped it as a god. Yet, in many parts 
of the world the sun did not play a 
great part in religion, even among back- 
ward peoples. In Africa, while sun 
worship was an important element in 
the ancient Egyptian religion, it was 
conspicuously absent among the _ black 
races of that continent. There are a few 
exceptions in parts of East Africa and 
in northern Nigeria. 

Sun worship seems to have flourished 
most strongly among peoples who had 
attained a certain degree of civilization, 
such as the ancient Egyptians and the 
Indians of Mexico and Peru. This may 
be because the regular and orderly be- 
havior of the sun in the sky required a 
relatively high level of intelligence for 
its appreciation. The more primitive 
groups were impressed by sudden and 
dramatic events, especially those which 
threatened their existence and were not 
_subject to their prediction. Only those 
who were intellectually more mature 
would ask themselves questions about 
the uniformity of the sun’s daily motion, 
about the cause of its seasonal change 
in time and place of rising and setting, 
about its change in noon altitude, or, 
perhaps, inquire as to the source of its 
light and heat. 

Indeed, these are the questions about 
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which layman and astron- 
omer speculate. A while 
ago. a letter came to me asking why, if 
March 21st is the equinox, did not the 
interval between sunrise and sunset 
equal 12 hours? The times given in the 
Almanac for the letter writer’s locality 
were 6:04 for sunrise, 6:12 for sunset, 
with an interval between of 12 hours 
and eight minutes. 

The question is a good one. ‘The 
answer is that if there were no atmos- 
phere around the earth, if sunrise and 
sunset referred to the center of the 
sun, and if the earth did not go around 
the sun at a variable speed with an 
inclined axis, the interval would be 
very nearly 12 hours for those living 
along the equator. 

‘lhe earth’s atmosphere causes refrac- 
tion in a beam of sunlight. When the 
sun appears to be just resting on the 
horizon like a plate on a plate rail, 
refraction has lifted it through its own 
diameter or a little more, and the actual 
sun is still below the horizon. That is, 
the sunrise is hastened, and the sunset 
retarded, about 2m 26s in each case. 
This accounts for 4m 52s lengthening 
of the day. 
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These diagrams by Lobeck compare 

the sun’s apparent path in different 

latitudes at the summer solstice in 
the Northern Hemisphere. 






SUN WORSHIP — 
PAST AND PRESENT 


By WILLIAM H. Barron, Jr. 





Here is related the story of the sun as presented in the Hayden 

A feature of the demonstration on clear days 

is a direct and enlarged image of the sun itself, projected on the inside 
dome of the darkened planetarium chamber. 


We define sunrise as the instant the 
upper edge of the sun’s apparent disk 
peeps over the horizon, and sunset as 
when the last trace of the disk drops 
out of sight. That adds the sun’s 
diameter to the length of the day, 2m gs 
more, or a total of practically seven 
minutes. 

In the course of a day, the sun ap- 
pears to creep eastward on the sky as 
much as we move around the sun. This 
effect is variable, because the earth’s 
speed is variable, so all solar days are 
not of the same length, even at the 
equinoxes. It would require a detailed 
explanation of the equation of time to 
account for this factor in the length 
of the day, including a discussion of the 
effect of the inclination of the earth’s 
axis on the speed of the sun’s apparent 
eastward motion. 

At the equator, then, where the days 
and nights are supposed to be equal 
throughout the year, the almanac shows 
them to be unequal by just this 7-min- 
ute factor, plus a variable quantity de- 
pending on the equation of time effect. 
So at the equator, each day has 14 or 
15 minutes more daylight than night, 
or a total of about 91 hours a year! 

And one’s latitude makes a difference, 
too. In temperate latitudes, the sun 
rises and sets obliquely to the horizon, 
and this affects the times of sunrise and 
sunset—it increases the average values 
of both the refraction and the diameter 
effects described above. In the case in 
question, it increases the total of these 
effects from seven minutes at the 
equator to eight minutes for the latitude 
of my correspondent. And if he lived 
in a really high latitude, say 60 de- 
grees north, he would find the daylight 
lasting as much as 15 minutes longer 
than 12 hours. The sun’s motion there 
is more nearly parallel than perpen- 
dicular to the horizon, so the sun takes 
a long time to rise completely, and an 
equally long time to set. 

So much for a question typical of 
those asked by a layman with a curiosity 
about the sun. In just the same way, the 
modern astronomer is puzzled by other 
matters in the case of the sun: its com- 
position, the corona, the nature and 
cause of sunspots, their effects on the 
earth, and so on. 

Modern instruments are _ spectro- 
heliographs, coronagraphs, eclipse cam- 
eras. With these, some mounted in 




















2oth-century solar towers such as those 
at Mt. Wilson and McMath-Hulbert 
observatories, we probe the solar radia- 
tion to analyze the sun’s chemical and 
physical structure. Since 1864, when 
it was begun by Huggins in England 
and Secchi in Italy, spectroscopic analy- 
sis has been used to discover new ele- 
ments in the sun. Only recently, 
thorium, an important radioactive ele- 
ment, and gold have been identified as 
causing absorption lines in the solar 
spectrum. A check on the gold identi- 
fication was made on the basis that we 
know sunspots to be cooler than the 
rest of the sun’s surface. But our 
knowledge of sunspots themselves is 
far from complete. 

The conjectures on the nature of 
sunspots which date from their discovery 
at the time of Galileo may amuse us 
now, but they were considered seriously 
at the time. For instance, Jean Tarde, 
canon of Sorlat, argued that the sun 
was “the eye of the world,” which he 
said could not suffer from ophthalmia 
—therefore the spots were not on the 
sun, but were numerous small planets 
in transit in front of it. He called 
them “Borbonia Sidera.” In 1633, a 
Belgian Jesuit named them “Austriaca 
Sidera” and claimed them for the House 
of Hapsburg! 

Galileo maintained the “cloud” 
theory for sunspots, but Simon Marius, 
co-discoverer with Galileo of Jupiter’s 
satellites, promulgated the “slag” theory. 
His notion, queer as it may seem to us 
today, was supported by the absence of 
sunspots in 1618. For in that same 
year three bright comets were seen, and 
it was inferred that the cindery refuse 
from the great solar conflagration, which 
usually appeared as dark blotches on the 
sun’s surface, was occasionally thrown 
off in the form of comets, leaving the 
sun, like a snuffed taper, to blaze with 
renewed brilliancy. “Today we know 
that, if anything, the sun’s radiation is 
strongest just when it has the most spots. 

Derham decided, from observations 


carried on in 1703-11, that the spots on 
the sun were caused by the eruption of 
Lalande, 


some new volcanoes. about 
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1776, attributed them to rocky eleva- 
tions uncovered by the casual ebbing of 
a luminous ocean, the surrounding pe- 
numbrae of the spots representing shoals 
or sand banks. 

None of these suggestions seemed to 
fit that of Alexander Wilson, professor 
of astronomy at the University of 
Glasgow, who in 1769 proposed that 
sunspots were cavities. His observation 
of a spot of extraordinary size as it 
disappeared around the limb of the sun 
and reappeared on the eastern limb some 
days later seemed to prove to him con- 
clusively that they were cavities. “Today 
we think of sunspots as vortices of 
comparatively cool gas, so the cavity 
idea was not far removed from our 
modern interpretation. But how far 
into the sun these vortices penetrate 
we do not know. 

Sir William Herschel pictured the 
sun as a cool, dark, solid globe with 
mountains, valleys, vegetation, and in- 
habitants, protected by a heavy cloud 
canopy. Above this was the bright 
surface layer of the sun. Sunspots, he 
suggested, were openings through 
which we could occasionally peep at the 
surface below. 

Certain facts about sunspots have 
been known for a long time now, such 
as their appearance only within 40 de- 
grees of the solar equator, and that they 
progressively move to lower latitudes 
as the curious 11-year cycle of solar 
activity develops. ‘The spots from a dis- 
appearing cycle are generally within a 
belt of 10 degrees on either side of the 
equator. When a new cycle begins, 
the spots appear beyond 25 degrees lat- 
itude. Last December, what were prob- 
ably the first spots of the new cycle 
were reported by Dr. Seth B. Nichol- 
son, of Mt. Wilson Observatory. 

Added to facts like these we have the 
Zeeman effect in the spectra of sun- 
spots. ‘This appears as a splitting of 
the spectral lines into several compo- 
nents, and is explained by assuming the 
spots to be very powerful magnets. 
There is usually no doubt about the 
cycle to which a spot group belongs, 
since the magnetic characteristics of 





Comparison of the magnetic polarities of leader and follower spots in 
the two solar hemispheres shows that they reverse with the beginning 


of each new cycle. 


The new spots are in higher solar latitudes. 


Spots on the sun sometimes divide 

to form large groups which persist 

for more than one rotation; others 
last but a few days. 


spots in succeeding cycles are of opposite 
polarity. 

The latest modern device for solar 
research is the _ spectroheliokinemato- 
graph, developed to an unbelievable ex- 
tent at McMath-Hulbert Observatory 
of the University of Michigan. With 
it “three-dimensional’”’ motion pictures 
of the sun’s surface and atmosphere are 
now being made, and they show the 
true nature of turbulence on the sun in 
a very dramatic fashion, and sometimes 
reveal unexpected phenomena. Most 
significant seems to be the fact that the 
material composing a large majority of 
the prominences appears to be falling 
into the sun’s surface instead of rising 
from it. No satisfactory explanation of 
this has been found. 

The relation of sunspots and other 
solar events to terrestrial affairs has been 
the subject of conjecture for nearly a 
century and a half. Herschel, as early 
as 1800, attempted to correlate the 
price of wheat with sunspots. Weather 
and sunspots make a favorite topic for 
study, for on the weather all living 
things depend. ‘The growth of trees, 
recorded in tree-ring patterns, seems to 
be correlated with the length of the 
sunspot cycle. 

Some astronomers believe that many 
of the sun’s secrets are hidden in. the 
pearly corona, which is usually observed 
only during total solar eclipses. ‘To 
study the corona daily, so that its 
changes may be correlated with those of 
sunspots, prominences, ultraviolet radia- 
tion, and the like, coronagraphs have 
been built. The only such instrument 
in this country is at Harvard’s station 
at Climax, Colo., where the transpar- 
ency of the air reduces the glare of the 
sky around the sun. But like the prob- 
lem of sunspots, study of the corona will 
undoubtedly occupy us for many years 
to come. 


Albeit with new techniques, we still 
worship the sun today—in the modern 
manner, perhaps, and in more scientific 
fashion than have our predecessors. But 
surely some of our 1943 ideas about the 
sun will seem as strange in 2200 or 
2300 as earlier beliefs appear to us now. 













Sky AND TELESCOPE 7 





ALUMINIZING THE 72-INCH MIRROR 


AT VICTORIA 


By ANDREW MCKELLAR, Dominion Astrophysical Observatory 


ANY readers of Sky and Tele- 
scope possess reflecting telescopes, 
and probably most who do have 

themselves made the reflectors. All who 
own such instruments are, from time 
to time, faced with the problem of re- 
newing the metallic reflecting coats on 
the glass optical surfaces. Until fairly 
recently, this meant depositing on the 
surfaces, by chemical means, thin coats 
of metallic silver. However, during the 
last several years a technique for coat- 
ing optical surfaces with a high-reflect- 
ing film of aluminum has been employed 
with great success for both large and 
small telescope mirrors. ‘Io those whose 
telescope mirrors have already been alu- 
minized and to those who may be con- 
cerned with this in the future, a nar- 
rative describing the project culminat- 
ing in the deposition of a coat of 
aluminum on the 72-inch mirror at the 
Dominion Astrophysical Observatory 
will probably be of special interest. 


One might well ask why silver has 
been largely replaced by aluminum as 
a reflecting coat on telescope mirrors. 
The first and most important reason is 
twofold: namely, that for light in the 
ordinary photographic wave lengths 
(blue and violet light) and particularly 
for the astronomical ultraviolet, the re- 
flecting power of aluminum is definitely 
superior to that of silver; and also, it 
effectively maintains its high reflectivity 
for months and even years, whereas the 
reflectivity of silver exposed to the at- 
mosphere falls off very markedly within 
a period of days. ‘These points are 
illustrated by the accompanying graph 
showing the respective reflecting powers 
for different wave lengths or colors of 
light. 

‘The second reason is that an exposed 
silver surface deteriorates so rapidly that 
it must be replaced every few months, 
while a properly aluminized surface 
lasts several years. This combination 





This shows the aluminizing apparatus assembled on the dome floor, 


ready for operation, with the 72-inch mirror inside. 


In the foreground 


are the mechanical vacuum pumps, the Hypervac for the chamber and 


the smaller Hyvac for evacuating the space between the gaskets. 
three diffusion pumps are seen at the left. 


The 
The leads to the tungsten 


coils are at the back of the tank as viewed here. 
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of high reflectivity and durability ac- 
counts for the superiority of the alu- 
minum surface over those of other 
available metals. 

The technique of depositing thin coats 
of aluminum on optical surfaces (those 
actually deposited, which are just opaque 
to sunlight, are approximately 1/20,000 
of an inch thick) was developed largely 
by Dr. John Strong, of the California 
Institute of Technology, during the 
years 1930 to 1933. From 1931, Dr. 
R. C. Williams, then of Cornell and 
now at the University of Michigan, 
made independent contributions to this 
development. The method used is called 
the evaporation process, since it involves 
the evaporation of the aluminum from 
heated tungsten coils, the whole process 
taking place in a high vacuum. Briefly, 
the process is as follows. 

A chamber is constructed of size 
suitable to enclose the optical part to 
be coated. This customarily consists of 
two parts, a base plate and a bell jar. 
For small mirrors up to about one foot 
in diameter, glass bell jars are often 
used, but for larger sizes the chamber 
is usually made of steel. Vacuum pumps 
enabling the pressure in the chamber 
to be reduced to about one 10-millionth 
or one 100-millionth of an atmosphere 
are attached to the bell jar or base plate. 
Within the chamber and connected elec- 
trically with the outside, a suitable 
array of tungsten coils is arranged and 
on each coil short lengths of pure alu- 
minum wire are clamped. 

The very carefully cleaned optical 
surface is placed in the tank, the pumps 
are started, and the necessary vacuum 
attained. ‘Then an electrical current is 
passed through the tungsten coils, heat- 
ing the aluminum, first to beyond its 
melting point (660° C.), upon which it 
forms a liquid globule held to the tung- 
sten by its surface tension, and then to 
its boiling point (1,800° C.). The melt- 
ing point of tungsten, it should be re- 
membered, is 3,370° C. Now the alu- 
minum begins to evaporate, the alumi- 
num atoms fly off (because of the high 
vacuum they are unhindered by col- 
lisions with air molecules) and coat 
everything inside the chamber, includ- 
ing the optical surface or surfaces ex- 
posed there. The resulting coat of 
aluminum is then ready for use as a 
reflector. It does not require burnishing 
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The above curves, with reflecting 
power plotted against wave length, 
indicate immediately how superior 
aluminum is, especially for violet 
and ultraviolet light. The two curves 
for silver show how decidedly the 
reflecting power of this metal drops 
off when exposed to air. Because of 
the formation of a thin transparent 
protective oxide layer on the alu- 
minum, its reflectivity does not de- 
crease appreciably in months and 
even years. 


with rouge as do most chemically de- 
posited coats of silver. 

According to Strong, the first small 
astronomical mirrors to be aluminized 
by the evaporation method were done 
in June, 1932. In 1933 and 1934, 
Strong aluminized a considerable num- 
ber of the Newtonian, Cassegrainian, 
and Coudé secondary mirrors at Mt. 
Wilson Observatory, as well as the 36- 
inch Crossley mirror at Lick and the 
24-inch Yerkes reflector. Then in 1935, 
using a large steel chamber of 108 
inches diameter, he successfully alumi- 
nized the great 60-inch and 100-inch 
mirrors of the Mt. Wilson reflecting 
telescopes. Subsequently, the principal 
mirrors of many of the world’s other 
large reflecting telescopes have been alu- 
minized, including the 82-inch of the 
McDonald Observatory, by Williams 
in 1938; the 61-inch of the Harvard 
College Observatory, by Focke, Gold- 
berg, and Scott in 1939; the 74-inch 
at the David Dunlap Observatory, by 
Young in 1941; and finally, early this 
year, the 72-inch reflector of the Do- 
minion Astrophysical Observatory. 

The aluminizing project at our ob- 
servatory was started in 1937. It seemed 
advisable first to construct a chamber 
large enough to coat the 20-inch Casse- 
grainian and Newtonian secondary mir- 
rors. It was, of course, as important 
to coat the secondary mirror as the 
primary one, since the light is reflected 
once from each before reaching the 
spectrograph. Also, we realized that the 
experience gained in designing, assem- 
bling, and operating a small chamber 
would be of great value in setting up 
a large one for the primary mirror. 

A steel chamber of 24 inches inside 
diameter was therefore designed. It was 


constructed by the shipbuilding firm, 
Yarrows Ltd., at Victoria. The cham- 
ber was made of steel plate one quarter 
inch thick, while the base plate, also of 
steel, was one inch thick. Two con- 
centric rubber gaskets with a space some 
two inches wide between, which could 
be evacuated, made an excellent seal 
between base and chamber. The pumps 
were attached so as to evacuate the 
apparatus through a tube connected to 
the center of the base plate, and the 
electrical leads to the six tungsten fila- 
ments were also introduced through the 
base plate. 

The chamber had two ports for win- 
dows diametrically opposite one an- 
other; on the side it had a small hole 
through which a discharge tube was 
connected to enable estimation of the 
pressure in the tank, and through the 
top a high-voltage electrode was intro- 
duced. This served to pass a glow dis- 
charge throughout the chamber while 
evacuation was proceeding, and so to 
accomplish, as suggested by Strong, the 
final phase in cleaning the optical sur- 
face by bombarding it with ions in the 
discharge. Also, the character of this 
discharge allowed one to judge the pres- 
sure in the tank. The whole inside of 
the apparatus, being of porous metal, 
had to be coated with Apiezon wax, 
which has an extremely low vapor pres- 
sure. 

The chamber and base plate were 
obtained during the last month of 1937 
and the apparatus was made ready for 
use by February, 1938. It could be 
successfully evacuated using a Cenco 
Hyvac pump and a 2-inch metal Apiezon 
oil-diffusion pump. In February, 1938, 
both our Newtonian and Cassegrainian 
secondary mirrors were successfully alu- 
minized and a resulting definite im- 
provement in the performance of the 
telescope was noted. 

Therefore, in 1938, plans for acquir- 
ing an aluminizing chamber large enough 
to coat the 72-inch mirror were started. 
A combination of circumstances, includ- 
ing the considerable cost of such a large 
piece of apparatus and the advent of 
war the following year, caused progress 
on the project to be very slow. In 1939 
we acquired the necessary large, fast, 
mechanical vacuum pump, a Cenco Hy- 
pervac, and. during the following two 
years, an excellent chain hoist and the 
oil-diffusion’: pumps, as well as minor 
auxiliary apparatus. Finally in the fall 
of 1941, authorization was given for 
securing the large tank and base plate. 

Meanwhile designs for the chamber 
had been drawn. The tank was of steel, 
3% inches thick, 84 inches in diameter 
and 58 inches high. The base plate was 
of 1-inch steel plate, suitably reinforced 
and mounted on caster-like wheels. The 
apparatus was to be in general appear- 
ance a larger edition of the 24-inch 
tank. In only two major respects did 
the two differ: for the 84-inch ap- 


paratus, the pumping system and the 
filaments were attached to the chamber 
rather than to the base plate; and there 
were 66 filaments mounted on a circular 
brass ring one inch within the inside 
surface of the tank and 2% inches below 
the top edge. 

The fabrication of the large tank and 
base plate was entrusted to Yarrows 
Ltd., and this firm did an excellent 
job, there being no evidence later that 
any of the welded joints leaked to any 
appreciable extent. “The chamber and 
base plate were delivered at the end 





The 72-inch mirror after deposition 
of its aluminum reflecting coat is ' 
seen above. Those in the picture 
are, from left to right, Dr, J. A. 
Pearce, director of the observatory, 
A. D. Robertson, of Yarrows Ltd., 
and the writer of this article. 


of 1941. However, since the writer 
was on leave of absence from the ob- 
servatory, doing other work from late 
in 1941 until well on in 1942, very 
little was done on making the chamber 
ready for use until late last summer. 

The general scheme was to assemble 
and test the aluminizing chamber in the 
workshop on the ground floor of the 
dome and then to hoist the apparatus 
to the observing floor where the actual 
aluminizing of the 72-inch mirror would 
take place. The first step was to heat 
the tank, area by area, and to coat its 
inside surface and also the top of the 
base plate with Apiezon hard wax, and 
thereafter to apply several coats of glyp- 
tal lacquer to the outer surfaces. 

Then the pumping system was as- 
sembled and attached to the tank. This 
system consisted of two 4-inch Apiezon 
oil-diffusion pumps, made of brass, oper- 
ating in parallel from a 6-inch pipe 
joined to the side of the chamber, in 
series behind these a similar diffusion 
pump of two inches diameter, and final- 
ly the Cenco Hypervac mechanical 
pump. The diffusion pumps were of 
the type described by Sloan, ‘Thornton, 
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Above are reproductions of two spectrograms of the star H.D. 44172, spectral type B5, taken at Victoria under con- 
ditions as closely as possible the same, except for the reflecting surfaces of the principal and secondary telescope 
mirrors. The upper spectrum was obtained March 4, 1926, when both mirrors were coated with silver, while the lower 
was secured on March 1, 1943, after both mirrors were aluminized. The noteworthy feature is the extent to which 
the lower stellar spectrum (both stellar spectra are shown between iron arc comparison spectra) is strengthened in 
the violet region, especially below about 4200 A. Using the aluminum, not only is this important violet region made 
more readily available for study, but the general speed of the telescope is increased greatly, the exposure time for 
the lower plate being only a little over half that of the upper. 


and Jenkins, of the University of Cali- 
fornia, and they operated in a most 
satisfactory manner. At this point a 
test was made to ascertain the vacuum 
attainable and it was found that a low- 
enough pressure was readily obtained. 

The supports for the 66 tungsten 
filaments were then made and installed, 
as were the filaments themselves. All 
the electrical connections had to be 
covered by baffles to prevent short 
circuits when the evaporated aluminum 
film was deposited. Finally it was pos- 
sible to carry out a trial aluminizing, 
and this was successfully done. 

The above preliminaries occupied all 
the fall and early winter of 1942, and 
it was not until late in December that 
the whole apparatus was hoisted to the 
observing floor of the dome. The ap- 
pearance of the aluminizing chamber as 
finally assembled is shown in one of 
the accompanying pictures. 

After a second and final successful 
test operation early in January, 1943, 
preparations were begun to remove and 
coat the 72-inch mirror. Handling this 
precious, and at present irreplaceable, 
piece of glass was the part of the project 
requiring the very greatest of care. The 
mirror, 72 inches in diameter, 12 inches 
thick at the outer edge, and about 11 
inches thick at the edge of its central 
10-inch-diameter hole, weighs some 
4,400 pounds. It had never been re- 
moved from its cell since it was placed 
there in 1918. 

As the silvering car was designed to 
enable the surface to be resilvered with 
the mirror remaining undisturbed in its 
cell, no provisions or convenient ap- 
paratus for facilitating its removal were 
at hand. Using the silvering car as a 
large jack, the mirror was left sup- 
ported upon four 4x4-inch timbers, well 
braced, standing on end on the floor, 
by lowering the cell from around it. 
Then a supporting frame of steel I- 
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beams carried by the 5-ton chain hoist, 
the upper end of which was attached 
securely to the framework of the dome, 
was slipped under the mirror, using the 
rotating dome to provide effectively a 
moving crane, and the mirror was low- 
ered safely to the dome floor. 

The day in January on which the 
mirror was removed there began a 
period of “most unusual” weather for 
the Pacific coast. The temperature in 
the dome dropped and remained con- 
siderably below 32° F., the water pipes 
froze, and for 10 days it was impossible 
to begin cleaning the mirror. When 
we finally began, one phase of the proc- 
ess, namely, cleaning the outside edge 
and the edge of the central hole, was 
found to be much longer and harder 
than expected. The various chemicals 
used in silvering the mirror about three 
times a year for 25 years, and partic- 
ularly the rouge used for burnishing 
the silver coat each time, had become 
so firmly attached to and embedded in 
the ground surfaces that several days’ 
work using abrasives was required to 
render them even physically clean. 
Thereafter the glass was cleaned chemi- 
cally, following the method outlined 
by Strong, using in turn the materials: 
Aerosol, a detergent; potassium hydrox- 
ide solution; nitric acid; distilled water; 
and finally, alcohol. Between cleanings, 
except the last two, the mirror was of 
course rinsed with water. The final 
procedure, as intimated earlier, was to 
operate a glow discharge in the chamber 
when it was partly evacuated. It is 
perhaps needless to say that for success 
in aluminizing, the highest attainable 
degree of cleanliness of the surface is 
most necessary. 

Finally, on February 5, 1943, the 
mirror was cleaned, safely installed on 
the base plate of the tank, the chamber 
closed, and the pumps started. The 
Hypervac was allowed to operate all 


night; the next day the diffusion pumps 
were started, and that afternoon, Febru- 
ary 6th, the tungsten coils were heated 
and the aluminum evaporated onto the 
72-inch reflecting surface. When the 
apparatus was opened up two days later, 
after allowing air to enter the chamber 
through a drying tube, the aluminum 
surface was found to be an excellent 
one. The surface showed no signs of 
deteriorating after exposure for a day 
or two, so the mirror was replaced in 
its cell, and the telescope was reas- 
sembled and made ready for observation 
by February 15th. 

Most remarkably, after a winter of 
very indifferent observing weather, com- 
mencing February 19th for 19 succes- 
sive nights with one exception only, 
every night was clear. Thus a very 
good opportunity was presented to test 
the performance of the telescope with 
the new reflecting coat on the primary 
mirror. It was most gratifying to find 
that the average exposure times for 
spectrograms were cut down to at least 
two thirds of their previous lengths. 
Also the far violet wave-length regions 


were considerably strengthened, thus 
giving a much more satisfactory in- 
tensity distribution on our plates. This 


means that the efficiency of the tele- 
scope in photographing stars of the usual 
brightness has been almost doubled, and 
that photographs of objects previously 
unobtainable with the maximum prac- 
ticable exposure times can now be se- 
cured. 

The several photographs reproduced 
illustrate, as their captions indicate, dif- 
ferent phases of the process described 
above. The one showing spectrograms 
of the same star taken using the silvered 
mirrors, and later the aluminized sur- 
faces, shows very definitely the gain 
made in the far violet, even using 
spectrographs with thick glass optical 
parts. 
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NEWS NOTES 


THE SPIRAL NEBULAE 


It has been known for a long time 
that the spiral nebulae are in rotation. 
The radial velocities in spirals sufh- 
ciently inclined to the line of sight tell 
us*that one edge is receding relative to 
the other, which is approaching us. 
Astronomers have been puzzled, how- 
ever, as to the actual direction of rota- 
tion: are the spiral arms trailing behind 
or going on ahead? This question is 
important in theories of the origin and 
future of these galaxies. “The answer 
would be easy if we could tell indubi- 
tably which edge of a tilted spiral is the 
nearer, which the farther away from the 
observer. For the majority of the spirals 
this has been the subject of much con- 
troversy. 

Now Dr. Edwin Hubble, one of the 
foremost authorities on extragalactic 
nebulae, finds sufficient evidence in the 
famous Mt. Wilson collection of photo- 
graphs to state that the spiral arms are 
trailing. A critical example showed 
dark obscuring clouds within a spiral 
galaxy silhouetted against the central, 
nuclear bulge, unmistakably _ telling 
which edge of that particular spiral is 
the nearer to us. Then other examples 
supported his assumption that probably 
all spiral arms are trailing. 


USE OF ANCIENT EGYPTIAN 
METEORITES 


In the Journal of the Royal Astro- 
nomical Society of Canada appear some 
interesting quotations from “The Legacy 
of Egypt,” about meteoric iron in ancient 
Egypt. The earliest definitely dated 
specimens of iron in Egypt are small 
beads made prior to 3400 B.C., found 
in a small cemetery at El Gerza. That 
they are almost certainly of meteoritic 
origin is inferred from their 7.5 per 
cent nickel content. “Iron is stated in 
the Book of the Dead to be the neces- 
sary material for certain amulets, but 
until the Twenty-fifth Dynasty (712- 
663 B.C.) it seems to have been a 
rarity only obtained from meteorites, 
though perhaps occasionally imported 
as well.” 


NATIONAL ACADEMY 
HONORS ASTRONOMERS 


Dr. H. Spencer Jones, Astronomer 
Royal of Great Britain, has been elected 
Foreign Associate of the National Acad- 
emy of Sciences, the highest honor that 
the Academy can bestow on a scientist 
who is not a United States citizen. 

The Academy’s Henry Draper medal 
for 1942 was awarded to Dr. Ira 
Sprague Bowen, of the California In- 
stitute of Technology, for his work in 
astronomical physics. 





By Dorrit HOFFLEIT 








AMERICAN ASTRONOMICAL 
SOCIETY MEETS 


The 7oth meeting of the American 
Astronomical Society has been an- 
nounced for May 28th to 30th at Har- 
vard College Observatory. The tenta- 
tive program scheduled registration to 
begin at 2 o'clock Friday afternoon, fol- 
lowed by a meeting of the teachers 
section at 4 p.m., and an informal gath- 
ering of members in the evening. Sat- 
urday’s program is devoted to sessions 
for papers, with the society dinner in 
the evening, and possibly further papers 
on Sunday. 


A NEW NOVA AND 
PRE-DISCOVERY COMET 
OBSERVATIONS 


A shipment of photographic plates 
from South Africa arrived at Harvard 
College Observatory a short while ago. 
On one of the spectrum plates Mrs. 
Margaret Mayall detected a bright-line 
object which she immediately recognized 
as a nova, hitherto undiscovered, in 
Sagittarius, at about 18h 19m, — 35°. 
Examination of chart plates revealed 
that the star had achieved maximum 
brightness, magnitude 6.8 photographic, 
on June 26, 1941. “Two days earlier it 
was invisible on a plate showing stars to 
magnitude 11.6, and prior photographs 
indicate that the star must have been 
fainter than 14th magnitude. The most 
recent available plates, taken in August, 
1941, show the star a little fainter than 
magnitude 13. 

An examination by your reporter of 
all the chart (not spectrum) photo- 
graphs in the shipment revealed sev- 
eral new meteor trails and a host of 
pictures of previously announced comets. 
Among these were plates taken April 
19-28. 1941, showing Comet van Gent 
over one month before its discovery on 
May 27, 1941. 


PATCHY INTERSTELLAR 
CLOUDS 


When starlight shines through inter- 
stellar clouds of gas, the spectrum of 
the star shows lines characteristic of the 
interstellar material. If the cloud is 
thick, the “interstellar lines” are 
stronger than when the cloud is thin. If 
the interstellar medium were fairly uni- 
formly distributed, we might tell the 
distances of the stars from the intensi- 
ties of the interstellar lines. But recent 
work by Dr. Walter S. Adams, director 
of the Mt. Wilson Observatory, proves 
that this cannot be done. In the spec- 
tra of nine of the Pleiades, Dr. Adams 
found evidence for both ionized cal- 
cium and hydrocarbon gas in front of 
seven of the stars and only ionized 


hydrocarbon in front of the other two. 

Science Service quotes Dr. Adams as 
saying, “The fact that such different 
interstellar lines are observed: in neigh- 
boring stars of this small cluster indi- 
cates the diversity in the physical con- 
dition of the interstellar clouds and per- 
haps the limited dimensions which these 
clouds must have.” 


GOLD IN THE GOLDEN 
SUN 


A Science Service news release re- 
ports on the discovery by Drs. Charlotte 
E. Moore, of Princeton, and Harold 
Babcock, of Mt. Wilson, of gold in 
the sun. It happens that the lines of 
the spectrum of gold that are theoreti- 
cally the most prominent are masked in 
the solar spectrum by strong absorptions 
of ozone as the sunlight passes through 
our own atmosphere en route to the. 
spectroscope. Another, a so-called low- 
temperature line, corresponding to gold, 
was found, however, in the ‘ultraviolet 
part of the spectrum. Actually, the 
line had been included in H. A. Row- 
land’s map of the solar spectrum over 
50 years ago. But not until now has 
it been identified as gold and verified 
by modern photographs, obtained at Mt. 
Wilson. As expected, this low-tem- 
perature line was found stronger in ‘the 
spectrum of sunspots than in the hotter 
surrounding areas of the sun. Thus far, 
66 of the 90 elements known on earth 
have been found in the sun. 


LIBERTY SHIP 
THADDEUS 5S. C. LOWE 


A new Liberty Ship built by the 
California Shipbuilding Corporation has 
been named Thaddeus S. C. Lowe, in 
honor of the meteorologist and inventor 
(1832-1913). It was launched April 
13th, 27 days after the keel was laid. 

Amateur astronomers whose other 
hobby is travel will undoubtedly know 
of Mt. Lowe, a peak near Mt. Wilson, 
with a small observatory equipped by 
Thaddeus Lowe. Early in the 1890's 
Lowe had become widely known for the 
construction of an inclined railway on 
Echo Mountain. Previously he had 
been much interested in aviation, having 
built an airship, The City of New York, 
in 1859, and flown a balloon 900 miles 
in nine hours in 1861. On that oc- 
casion, landing near the boundary be- 
tween North and South Carolina, he 
was arrested as a Yankee spy, but was 
released when he was identified as a 
scientific investigator. 


A GOLD MEDAL 


Recently the Royal Astronomical 
Society presented its Gold Medal award 
to Dr. H. Spencer Jones, the Astrono- 
mer Royal of Great Britain, for his 
work on the parallax of the sun. 
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Neme Pronunciation Genitive Pronunciation Meaning Name Pronunciation Genitive Pronunciation Meaning 
Andromeda in-drdm’é-da | Andromedae an-drém’s-d3 | Andromeda Leo 13's Leonis 18-3' nis lion 
= / . 8 = e;e ~ se. xy 
Antlia ant ‘11-4 Antliae ant ‘11-6 (air) pump* Leo Minor 18/6 mi'nér |Leonis Minoris/1e-35'nis mi- |smaller lion 
Apus a/piis Apodis ap’3-dis bird of para- ast ste 
dice Lepus 16! pus Leporis lép!d-ris hare 
. A v . ‘ 
Aquarius a-vwir’ i-iis Aquarii a-kwar Los water carrier Libra 13! bra Librae 1i' ors balance 
, ¥ . y / - - oo on @ 
Aquile ak/wi-la Aquilee ak /wi-1é eagle Lupus 1ii' pias Lupi 1a! pi wine 
ara a'ra y » - 
Are a Aree sadn elter Lynx lingks Lyncis lin! sis lynx 
elite . hy 
Aries " ri cr Arietis iri é-tis ram — i! ra — 1i' rs = 
Auriga b-ri‘ga Aurigae b-ri! 53 charioteer aa eee 
Ribs On Mensa mén' sa Mensae mén! 36 table (moun- 
Bodtes bo-0/ tez Boétis vo-3' tis herdsman 
: ne tain) 
Cael se! lim Caeli se‘li raving tool ae See ee eee Oe 
— aig * é ng Microscopium mi! kro-sko' pi- |Microscopit mi! kro-sko! pi- microscope 
Camelovardaiis|ka-mé1'd-pir’ |Camelopardalis|ka-mé1‘S-pir’ | giraffe * i 
um 
da-1is da-1is oe a ian “es 
4 eae Monoceros md-nds! ér-58s |Monocerotis md-nds! ér-3! = junicorn 
Cancer kin! sér Cancri kang! kri crab i 
| a o ae s s 
||canes Venetict|ka/néz ve-nat! |Canum Venati- |ka‘nim ve-nit! | hunting dogs Sa ae reas 
| oy ad Se a Musce mus! ka Muscae mas! sé fly 
i-si corum i-k5! ram es re 
a’ ae _ gee Norma nor! ma Normae nor! me square (and 
||Canie Major /ka'nis ma/jér [Canis Majoris [ka‘nis ma-j6/ |larger dog , 
| rule 
ris Taye aie ese 
Z ree EES ae Octans ok! tanz Octantis ok-tan! tis octant 
Canis Minor |ka'nis mi’nér |Canis Minoris |ka‘nis mi-no! | smaller dog WR eae a psc 
1 Ophiuchus of! i-i! kus Ophiuchi of! i-i! ki serpent holder 
ris T ata 
Be ‘ as Orion o-ri! Sn Orionis 3! ri-3! nis Orion 
Capricornus kip'ri-kor!/nus Capricorni wap! ri-xor! ni horned goat Ne eae 
se ae . ty Pavo pa'vo Pavonis pa-vo nis peacock 
||Carina ka-ri/na Carinae ka-ri'né keel a a Sahar ite 
j ep ey 4 re Pegasus peg! a-sus Pegasi pég!a-si Pegasus [winged | 
| Cassiopeia kas’ i-o-pelya |Cassiopeise kas i-o-pe!ye Cassiopeia J 
| oe aaa horse 
||Centaurus sén-td! ris Centauri sén-t6!/ ri centaur o< ih aor | 
| et -le2 ¢ | Perseus pur/ sus Persei pur! se-1 Perseus 
|| Cepheus se fus Cephei se fe-i Cepheus | or" “a+ | 
stage Reo |Phoenix fé! niks Phoenicis fe-ni' sis phoenix 
||Cetus s6/ tis Ceti so/ti whale . = a ce at 1} 
are ieee ies i i Pictor pik’ tér Pictoris pik-td’/ ris painter's i} 
Chamaeleon ka-me le-un Chamaeleontis |ka-me le-on chameleon 1} 
= (easel) | 
| tis hua - * - 
| aa Bs ere Pisces pis’ ez Piscium pish! i-im fishes | 
Circinus sur’ si-nus Circini sur’ si-ni pair of com- Sogn? ee =) eee ee o | 
Piscis Austri-| pis’ is os-tri’ |Piscis Austri-/ pis! is 6s-tri! | southern fish |! 
passes = ° | 
Dine ee det re nus nus ni ni | 
Columba k6-1lum' ba Columbae ko-1lum! be dove ilar st rhe ae } 
wt sind bi hice : Puppis pup! is Puppis pup!/is stern | 
Coma Berenices| ko'ma ber’ e- Comae Bereni- | ko' me bdér' e- Berenice's a oa - — 
=} - -; - Pyxis pik'sis Pyxidis pik! si-dis mariner's com-|| 
ni’ sez ces ni’ sez hair : | 
é e A : Pa si ass 
Corona Austra- ko-ro! na os- Coronae Aus- | ko-ro!ne os- southern crown ae ere ° 
oy a Reticulum re-tik'u-lim /Reticuli ré-tik'u-1f | net 
lis tra’ lis tralis tra 1is ai 
Soy say =e Sagitta sa-jit'a Sagittae sa-jit's arrow 
Corona Borea- | ko-ro'na bo Coronae Bore- | ko-ro'ne bo northern crown a ~3 rm er 
mare & op Sagittarius saj' i-ta'ri-iis|Sagittaril saj' i-ta'ri-i | archer 
lis | re-a/lis alis re-a! lis s . 4 FS af . q 
a nA a m3 or! piel or! pi-i 
daeien kor! vis Deeet neelel —_— Scorpius skor! pi-us Scorpii skor! pi-i scorpion 
Sai BS wpe Ss skulp! té Sculptoris skulp-td'ris | sculptor's 
Crater kra! tér Crateris kra-te'ris cup menaner spdiears af “ . 
~ cor workshop) 
Crux kruks |Crucis kroo! sis cross “ vss . 
Pia ns | <4. Seutum sku! tim Seuti sku' ti shield 
Cygnus sig'nus \Cygni sig’ ni swan Piphey .- - 
Le oe } gc ae Serpens sur’ penz Serpentis sér-pen! tis serpent | 
Delphinus del-f1' nus Delphini del-fi ni dolphin m 
ee errs Sextans seks! tanz Sextantis séks-tan' tis sextant 
Dorado do-ra do Doradus do-ra’ dus dorado[a fish] o 
ews RC 5 “a er 
Draco dra! ko | Draconis dra-ko! nis dragon ore Ne ™=° saets ” ide oenge 
é OE In : pa Ve 61' 6-sko! pi- $1! $-sko' pi-i | 
Equuleus $-kwoo! 1é-iis | Equulet © ds! 23-3 colt Telescopium tel’ e-sko' pi Telescopii tel’ e-sko' pi-1| telescope 
Eridanus @-rid'a-nis | Eridani é-rid! a-ni Eridanus [a = ; ; 
-ang! gu-1lu 4eange! gu-li 
river] Triangulum tri-ang eu lum} Trianguli tri-ang! gu-1li | triangle 
Ste ae ohne! aaelt -| tri-ang! ga-13 a 
Pornex for’ nake Pornacie révunk! eke neni Triangulum tri-ang! gu-lum/Trianguli Aus-| tri-ang!gu-11 | southern tri 
~t% 7 ~ yy _ = a uw sis A tre! - 
Gemini jem! i-ni Geminorun jem! ions! rium twine Australe os-tra'le tralis os-tra’ lis angle 
- ~ ‘let vere: = ct ns 
Grus grus Gruis groo' is crane Tucana tu-ka‘ na Tucanae tu-ka’ ne toucan 
a = 2 - a . ~1a~ a tes - =| 
Beroules har’ kn-les Bereulie nor’ ke-1is Rereules Ursa Major ur/sa ma'jér /|Ursae Majoris |ur!se ma-jo larger bear 
|| Horologium hdr! O18! ji-tim Horologii hor! 5-16! Ji-1 |elock a 
Rydre ni! ara Hydrae ni’ are water’ monster Ursa Minor Gr/sa mi/nér [Ursae Minoris |tr'ss mi-no! | smaller bear 
Hydrus ni’ drus Hydri ni! ari water snake vie 
Indus in! dis Indi in! ai Indien Vela ve! la Velorum ve-16! rium sails 
Lacerta la- sur! ta Lacertae la- sur’ te lizard Virgo var! gd Virginis vur! ji-nis virgin 
x ~ six 5 axn! e4 
*Present day constellation names are im-some cases abbreviations of former Volans vo lanz Volantis vo-lan' tis flying (fish) 
more complete names. The parts within the parentheses are the meanings of Vulpecule vul-pek!d-la Vulpeculee viil-pdk’ u-18 Little fox 
deleted words. hae = 2 = 
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al Sociely for this purpose, after care- 
e usedg§ the spellings, pronunciations, 
> be regirded as italicized letters. 
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DantEL J. McHucu, C.M. 
> Paul University, Chicago 


T the meeting of the American 
Astronomical Society in September, 
1941, Dr. S. G. Barton, of the 
University of Pennsylvania, presented be- 
fore the Teachers Section a paper direct- 
ing attention to the confusion existing 
in the matter of astronomical names, as 
to spelling and pronunciation, and even 
as to the names themselves. He related 
that the analogous situation which once 
existed in respect to constellation bound- 
aries had been removed by the adoption 
of definite boundaries by the Interna- 
tional Astronomical Union, and _ sug- 
gested the desirability of similar action 
by some body, such as the American 
Astronomical Society, in regard to astro- 
nomical names. 

The outcome was the appointment by 
the Teachers of a committee to study 
the matter and make recommendations. 
This committee was later accepted as a 
committee of the A.A.S., and its re- 
port, after study by the Council, was 
approved for publication at the New 
Haven meeting in June, 1942. 

The names of the constellations and 
their spellings are those given in the 
report of Commission 3 of the Inter- 
national Astronomical Union, which 
gives the boundaries, published in 1930. 
The corresponding genitives are given in 
the present report. The pronunciation of 
these and other Greek and Latin names 
are in accord with the principles on 
which such names are pronounced in 
English. 

Many star names are of Arabic origin. 
Here we deal with a language much 
more remotely connected with English. 
There is a lack of uniformity, even 





among Arabic scholars, as to the systems 
of transliteration, and there is likewise 
a virtual impossibility of reproducing 
some of the Arabic sounds. 

Among the star names which have 
come into use in past centuries and 
which are now more or less established, 
are many philological corruptions, errors, 
and misfits. Although a very thorough 
study of the origins and history of the 
names has been made by Mr. Davis, 
from original sources, there has been 
little attempt to reform the names to 
make them etymologically proper or 
historically appropriate. Such action 
would doubtless be unwise at this late 
date. 

In the absence of a definite reason 
to the contrary, the committee has 
sought to give to the names pronuncia- 
tions which are as natural as possible 
to English-speaking persons. This pro- 
cedure has the approval of Arabic schol- 





KEY TO PRONUNCIATION 
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ale, fate, maker, profane. 
chaotic, fatality, gradation, vacation. 
dick, hat, random, sind, tap. 


5 


ad 
@ 
- 
o 


Svhor, Sccount, findl, sylvan, vacint. 


s 
@ 
- 
J 


ask, grass, last, path, shaft. 


- = ime me 
» 
_ 
- 
5 


5 


abide, abound, diadem, idea, sofa. 


care, compare, hare, parent, share. 


2: @> Ip 
> 2 
es J 
e 
> 63 


alms, arm, far, father, palm, 
aught, caught, haul, taut (= 3), 


2 
od 
— 
o 


dé, concréte, deviate, Sve, meter, 


a 
o 
co 
3 


as in create, délineate, Spitome, évade, 
énd, Srror, ferry, pet, tén. 
as in angél, camel, gospSl, jJewsl, novel. 


@ le of @F at 
2 
- 
- 
=] 


as in lover, maker, perform, readér. 
4 


as in Dind, child, ice, sight, time. 
vit, habit, humid, i11, pit. 


fmt ee ee 
2 
o 
- 
3 


as in animal, charity, possible, vanity. 


° 
13 in bone, motion, note, Sld, Sver, 

as in anatomy, biology, cohesion, bvey, poetic. 
as in hdt, 13ck, ndt, Sdd, pdd, proper. 


as in conform, cdnnect, Scour, offend, vossess. 


o> lot of cr oF 


as in abhor, border, lord, orb, order. 
as in f£66d, £661, médn, stddp, tddl. 


3! 


Oo a8 in ddok, cook, foot, good, wood. 


ou as in about, house, out, pout. 


u 


rt) 
. 
o 
- 
3 


assiime, ciibe, duty, lite, nide, tide. 

as in emilate, gradiiate, insilar, sipreme, ‘nite. 
as in sin, tid, under, ip, isher. 

as in circls, datiim, submit, volintary, 


as in darn, horl, hurt, Grge, arn. 


; erlce ce gr 








GREEK ALPHABET 
































Name Pronunciation Name Pronunciation | 

a |Alpha al‘ fa vy [wu nu 

@ |Beta ba’ ta & [xa zi 

Y |Camms gana e jomicron |dm I-krda 

§ |peite 481’ ta ~ |Pa pi 

€ |Epetion |%p’si-lén Pp |Rho ro 

% |Zete 2a’ ta oe |Sigma sig'ma 

» [Ete a’ ta vr |Tau tou 

6 |Thete =| tha’ ta v |Upsiion ip’ si-15n 

+ |Tote i-3' ta @ {Pha ti 
Kappa kip’ a x joni xi 
Lambda =| Lim’ da y [Pes si 

» |Mu = © |Omege b-me! ga 

PLANETS 

Name Pronunciation Name | | Pronunciation 

Mercury | mur’ ki-ri Saturn sat’! drn 

Venus vé'nue Uranus | ii/ra-niis 

Earth arth Neptune | ndp/tiin 

Mars mart Pluto pi6o'ts 

Jupiter | joo'pi-tér 





















































The reproductions on these pages are made from the original report of 











FIPTY IMPORTANT SPECIAL STAR NAMES 
Name Pronunciation Equivalent 
|Achernar a! kér-nar o Eridant 
Albireo a1-vir' 3-3 A Cygni 
Aleor al! kor 60 Ursae Majoris 
Aleyone &1-si!5-ns » Tauri 
Aldebaran al-déb! a-ran o Tauri 
Algenib a1-jé'niv y Pegast 
Algol a1’ gd1 # Persei 
Alioth a1! i-dth « Ureae Nejoris 
Alkaid a1-xia’ » Ursae Majoris 
Almach a1! mak y Andromedae ; 
| 
Alphard a1! fara a Hydree 
Alphecca al-fék'a a Coronae Borealis| 
Alpherets al-f3' rate @ Andromedae 
Altair al-tir! m Aquilae 
Antares an-ta' réz @ Scorpii I 
Arcturus irk-ti! ris o Bodtis 
Bellatrix bé-18' trike ¥ Orionts i] 
Betelgeuse bat! $1- jus ® Orionis 
Canopus ka-nd' pis « Carinae } 
Capella ka-pél' a o Aurigee 
Castor kas! tér @ Geminorum | 
Dened dén' bd @ Cygni 
Dened Kaitos dén' dd ka! tbs @ Ceti 
Denedole dd-ndd! O-1a 8 Leonts 
Dubdhe Gin's ao Ursae Yejoris | 
Elnath a1! nen & Tauri 
|Pomealheut | £5! male @ Piscis Austrini | 
Hamel nin! in @ Arietis | 
Merkab mar! kab & Pegasi | 
Megret | mB! gréz 3 Ureae Majoris ] 
| | 
Menkar | non’ née a Ceti | 
Merak Ind! pax @ Urese Majoris i 
Mire mi! ra oe Ceti 
Mirach mi! rak B Andromedae | 
Mirfak mir! fak a Pereet 
Mizar ni! sar & Ureae Majoris i 
Phecda fex'da Y Ursee Mejorie i} 
Polaris po-14' ris @ Ureae Minoris ! 
Pollux pol! aks A Geminorun | 
Procyon pro! sl-dn a Canis Minoris | 
Rasalgethi ras! &1- 93! ths a Herovlis | 
Rasalhague ras! &1-na! gwd a ophiuent } 
Regulus rég! U- lis @ Leonis l 
Rigel ri! 982 A Oriontes \| 
Scheat ene! at A Pogest ! 
Schedar shéd! ar a Cassiopeias ! 
Sirius sir’ i-is @ Canis Majoris 
Spica spi' ka @ Virginis | 
Thudeo thoo! ban o Draconia | 
Vega ve! ga o Lyree ! 
CLUSTERS | 
L Name | Pronunciation Description | 
Hyades ni ‘a-doz Open star cluster in Taurus 
j 


Pleiades | plé/ya-ddz Open ster cluster in Taurus 


Pracsepe | pré-s3/ ps 











| 
j 
' 
| 
J 
Open star cluster in Cancer ! 











the committee, published in “Popular Astronomy,” August, 1942. Reprints 
may be ordered from Carleton College, Northfield, Minn., at 10¢ each. 


ars. In particular, we have avoided 
accents on the last syllable in names 
with more than one syllable. 

The selection of the 50 important 
special star names was necessarily some- 
what arbitrary, but the most debatable 
names are among those least used. ‘The 
names of the planets are included be- 
cause of the frequent mispronunciation 
of Uranus and Neptune. The Greek 
letters are included because of their 
use in Bayer’s system of designating 
stars. Some inconsistencies are admitted 
in the pronunciations given for these 


letters, but we believe we have given 
those most commonly used and most 
acceptable. The committee had valued 
assistance from other persons. In many 
cases it cannot be claimed the choice is 
“correct” and all others wrong. 
However, through the publication of 
this list of preferred forms, with such 
authority as it has, the committee hopes 
for the co-operation of astronomers, 
teachers, planetarium lecturers, and 
other interested persons in establishing, 
at least, greater uniformity in these 
matters than now exists. S. G. B. 
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How to P redict ©Occultations 


By Jesse A. FirzPArrick 


N previous articles I have mentioned 

the use of the a and b quantities for 
predicting the approximate times of oc- 
cultations of stars by the moon, and 
have emphasized that these are of little 
aid if an observer lives more than 200 
miles from one of the four standard sta- 
tions listed in the American Ephemeris 
and Nautical Almanac. A circle with a 
radius of 200 miles drawn with each of 
these stations in turn as a center will 
show only 15 of our 48 states to be in the 
favored areas, and will include only small 
portions of many of these 15. 

I believe that more amateur astrono- 
mers would be interested in the observa- 
tion and timing of the disappearance of 
stars behind the moon, and their reappear- 
ance, if they could predict within a few 
minutes when the event would occur, 
and also if the method of prediction were 
not too involved nor long. 

The following method of computation 
is designed to enable a person living in 
any part of our country to figure these 
times with an error never greater than 
five or six minutes, and frequently as 
little as one minute. The method is not 
rigorous and we shall dispense with such 
refinements as sidereal-time and _ earth- 
flattening corrections and discussion of 
elliptical paths which are necessary for 
exact calculation. A knowledge of the 
simplest elements of plane trigonometry 
and the use of logarithm tables is essen- 
tial—those who are rusty in these sub- 
jects may solicit the aid of a high school 
mathematics teacher or student. 

The predictions made by this method 
are based on a condition which is seldom 
true, but always near enough to the 
actual event so the final result will con- 
tain no error greater than mentioned 
above. This condition is that the path of 
the star behind the moon is perpendicular 
to the moon’s axis of rotation. (The 
actual path may vary from the perpen- 
dicular as much as nine degrees, but even 
that variation would not make our time 
error more than five minutes except when 
the occultation occurs very near the top 
or bottom of the moon.) 

The first requisite is a copy of the 
Ephemeris for the current year. This 
may be obtained from the Superintend- 
ent of Documents, Washington, D. C., 
and costs $1.50 prepaid. On page 620 of 
the 1943 edition there is valuable informa- 
tion that should be read carefully, par- 
ticularly to find the rules for selecting 
occultations locally observable. 

It is my intent to avoid an academic 
discussion of this problem, but an ex- 
planation of the fundamental plane is in 
order. This is briefly defined in the 
Ephemeris as passing through the center 
of the earth and being perpendicular to 
the line joining the star and the center 
of the moon. In other words, it is a 
plane at right angles to the line of 
sight of a hypothetical observer situated 
on the star, and it contains the center of 
the earth. If the star’s declination is, 
say, +12°, then the northern half of the 
plane would dip below and make an angle 
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of 12° with the earth’s north-south axis, 
as shown in the first diagram. We as- 
sume that the distance of the star is so 
great that its light causes the moon to 
cast a cylindrical “shadow” on the plane, 
and that the diameter of the shadow is 
therefore the same as that of the moon, 
2,160 miles. The intersection of the 
shadow and the plane is-thus a circle of 
2,160 miles’ diameter. We also assume 
that the observer’s station on the earth 
is projected perpendicularly on the plane. 

Since the motion of the moon is from 
west to east and the rotation of the earth 
is in the same direction, the cylindrical 
shadow and the tiny spot representing the 
observer will both move toward the east 
across the plane. Hereafter, we _ shall 
refer to the spot as L. S. (local station). 
The shadow will move in an almost 
straight line, diagonally to the north or 
south of due east and at a much greater 
rate of speed than L. S. The latter’s 
path is decidedly elliptical, curving to the 
north if the star has a northerly declina- 
tion and to the south if the star is south 
of the celestial equator. When the east- 
ern edge of the shadow meets L. S., the 
observer sees the beginning of the occulta- 
tion, and the ending or emersion occurs 
at the instant the shadow passes com- 
pletely over L. S. 

For our purposes, the race of the 
shadow and L. S. is based on the time of 
geocentric conjunction, designated in the 
Ephemeris as T. To visualize the cir- 
cumstances of geocentric conjunction, we 
may imagine an observer, not L. S., who 
might be standing at a spot on the north- 
south axis of the plane and in such a 
latitude that he sees the star and the 
moon’s center directly in line (that is, 
perpendicular to the plane), at the 
moment of the geocentric conjunction. The 
distance of this observer on the north- 
south axis from the east-west axis of the 
plane (which axis also contains the 
earth’s center, as the center is considered 
the origin of the system of co-ordinates 
on the plane) is listed under column Y. 

But at this time L. S. may be at any 
point on the plane, and our problem is 
to find how long it will take the shadow’s 
center to overhaul L. S. (or how long 
before geocentric conjunction this will 
already have taken place, if the L. S. 
occultation begins before geocentric con- 
junction). The shadow may be con- 
sidered as moving from the imaginary 
observer’s position Y north or south of 
the center of the earth and proceeding in 
a diagonal direction at a speed of more 
than 2,000 miles per hour. The eastward 
and north or south components of that 
motion are noted in the Ephemeris under 
the headings x’ and y’. The linear unit 
of the quantities Y, x’, and y’, is the 
earth’s equatorial radius, 3,963.34 miles. 

The easterly motion of L. S. is variable, 
starting at 800 or 900 miles per hour 
(for the United States) if L. S. is at the 
center of the fundamental plane, and 
decreasing to zero at the edge of the 
plane. It has been found empirically: 
That if the speed of L. S. is computed 
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for a location on the plane where it is 
one and one third the distance from the 
shadow’s center when the latter is at 
geocentric conjunction, and that if this 
speed is subtracted from the easterly 
speed of the shadow, and that if finally 
the result in miles per hour is divided 
into the original distance (before the 
one third is added), then we shall have 
the mean time interval necessary for the 
shadow to catch up with L. S. This is 
not exact and requires a correction, vary- 
ing from a few seconds to a minute or 
two, which correction we shall not make. 

What I have stated in the previous 
paragraph is the basis of Downes’ Table 
giving the values of t, and reproduced 
here in part. 

The observer's latitude and longitude 
should be known, say within 30 seconds 
of arc. Change the longitude from units 
of are to time—for instance, change 90° 
to 6h, 

For purposes of illustration, I have 
chosen the occultation of Regulus on 
May 12th past, at Ft. Worth, Tex. The 
times for this location were predicted, by 
a more accurate method, for my article 
last month, so we can use them again for 
comparison. For the latitude of Ft. 
Worth I have used +32° 46'.5 and for 
the longitude, 97° 18’ W or 6h 29.2m W. 

If we could lop off all of the earth 
north of this latitude, we would have a 
truncated sphere (shown with north at 
the right in the diagram) and the radius 
of its circular base would equal the 
cosine of the latitude multiplied by the 
earth’s equatorial radius, logarithmically: 


9.9247 
3.5981 


cos lat. 
radius earth 


Standard A 3.5228 or 3,333 miles 


The distance of this base from a plane 
passing through the equator equals the 
sine of the latitude multiplied by the 
earth’s equatorial radius, thus: 


9.7335 
3.5981 


sin lat. 
radius earth 


Standard B 3.3316 or 2,146 miles 


These two standards are very im- 
portant, and, of course, are the same for 
any occultation at Ft. Worth. In more 
accurate computation, they would be 
modified slightly to allow for the flatten- 
ing of the earth at the poles. 

On page 347 of the Ephemeris, in col- 
umn H, is the hour angle, or distance 
around the earth westward from Green- 
wich (eastward if negative) to the longi- 
tude of geocentric conjunction—where the 
moon and star will be on the meridian 











at the moment of geocentric conjunction. 
In this case, H is +7) 27.6™, near the 
middle of Arizona and Utah. The values 
of the other quantities given on page 347 
for this occultation are: T, May 13, 2h 
13.1™ (U.T.); Y, +0.3408; x’, 0.5303; y’, 
—0.1464. 

In order to compute the moment of 
conjunction in right ascension of the 
moon and star as seen at the local sta- 
tion, we first subtract the observer’s 
longitude from H to obtain the quantity 
ho, the local hour angle of the star at the 
instant T. h-—H—long.=7h 27.6m—6h 
29.2m—+0h 58.4m, Using this for h in 
Downes’ Table, and the values of lat. and 
x’ already given, we find t in the table by 
interpolation and add it to T, as follows: 
t——39.6m, and T+t—=2h 52.7m, Deducting 
5h to obtain C.W.T., the local conjunction 
occurs at 9:52.7 p.m. on May 12th. 

This gives us, then, the moment when 
the north-south axis of the shadow over- 
hauls L. S. on the fundamental plane. 
This time requires a_ slight correction, 
but in making my calculation last month, 
it amounted to only 2.5 seconds. 

The next step is to find the distance 
in miles that L. S. is north or south of 
the center of the moon at the moment of 
conjunction. (The tangent of the angle 
of the moon’s path across the plane is 
evidently y’/x’, and its logarithm is easily 
computed to equal 9.4410.) Now h+t= 
1h 38.0m, or 24° 30’, the local hour angle 
of the moon and star at the time of local 
onjunction. Further computation follows: 


y /x’ 9.4410 
Standard A 3.5228 
sin ho+t 9.6177 


(1) 
2.5815 or 382 miles 
This is the distance the moon is south 
of Y at the moment of conjunction. It is 
south because y’ is negative and hy 
positive; if h» should be negative, it 
would show that the local conjunction 
would occur before geocentric conjunc- 
tion, and the moon would be north of Y. 
If the distance, 2,146 miles, of Standard 
B is projected on the fundamental plane, 
its length will decrease in accordance 
with the cosine of the star’s declination, 
+12° 41'.7 in this case, so: 
Standard B 3.3316 
cos. dec. 9.9900 





(2) 
3.3216 or 2,097 miles 

This is the distance of the major axis 
of the ellipse of rotation of L. S. north of 
the fundamental plane. 

Next we compute the distance of Y 
north of the center line of the plane: 
Y (+0.3408) 9.5325 
radius earth 3.5981 





(3) 

3.1306 or 1,351 miles 

And also compute the distance of L. S. 
south of the major axis: 





Standard A 3.5228 
sin dec. 9.3265 
cos ho+t 9.9590 


(4) 
2.8083 or 643 miles 
If the star’s declination is positive, L. S. 
will always move south of this line, and 
north if the declination is negative. 
Subtracting (3) from (2) gives 746 
miles for the distance of Y south of the 
major axis; and adding (1) gives 1,128 







































































DOWNES'S TABLE GIVING VALUES OF rf. 
FOR COMPUTING THE TIME AND HOUR-ANGLE OF APPARENT CONJUNCTION. 
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miles for the center line of the moon 
south of the major axis. Finally, since 
L. S. is also south of the major axis, we 
subtract (4) from 1,128 and obtain 485 
miles as the distance of L. S. north of 
the center line of the moon at the time 
of the local conjunction. Reference to 
the diagram shows how these distances 
are related, and drawing a similar dia- 
gram for other occultations will help 
avoid errors. 

On the second diagram, representing 
the moon’s diameter, 2,160 miles, this 
final distance, 485 miles, is to be plotted 
accurately to scale. It represents the 
position of Regulus when it meets the 
moon’s north-south axis during the oc- 
cultation. The angle that the star’s path 
behind the moon makes with the north- 
south axis is very nearly perpendicular 
to the moon’s axis of rotation, and we 
shall assume it to be perpendicular. The 
position angle of the axis of the moon 
can be found for every day in the year 
on pages 398 to 405 in the Ephemeris. 
On May 13th at 2:52.7, this position angle 


° 
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was 22°, as shown on the diagram. A 
line at right angles to it and through the 
star’s position on the north-south axis 
will closely approximate the length of 
the star’s actual path. By careful meas- 
ure to scale, it will be found that the 
star “travels” 1,165 miles before conjunc- 
tion and 800 afterward. I call these 
respective distances c and d. 

The following table gives approximate 
apparent speeds of the moon over a star. 
(See the “Observer’s Page” for October, 
1942, where the cause of this variable 
apparent speed was discussed.) The speed 
is related to the local hour angle ho, for 
the star when in geocentric conjunction: 


Sh BO-3.. OAS 


ho (in hours) 2 
2.26 Be 


Speed (mi./min.) 


In our problem hy is 05 58.4™, so we divide 
c and d by 24, giving for c, 48.5™, and for 
d, 33.3m, These may be combined with 
the time of local conjunction, 9:52.7 p.m. 
C.W.T., to get the times of immersion 
and emersion as, respectively, 9:04.2 p.m. 
and 10:26.0 p.m. 

The immersion differs 3.3 minutes and 
the emersion 1.3 minutes from the times 
published last month. 


The circle representing the 
disk should be drawn very accurately to 
scale and in ink on Bristol board. A 
convenient scale is one inch to 200 miles. 
This circle may be used indefinitely, and 
for each occultation the lines represent- 
ing the lunar axis and the star’s path 
can be drawn in pencil and then erased. 
Graduate the edge of the circle for every 
five degrees. 


Computation of occultations wherein 
ho is more than 45 30™ should be avoided 
at the start. When this hour angle is 
exceeded, the star and moon are not only 
often close to the horizon, but complica- 
tions will arise due to the elliptical path 
of -L-.S 
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THE STORY OF 
THE MOON 


by Clyde Fisher 


Honorary Curator of the 
Hayden Planetarium 





“This book belongs in everybody’s library. 
Parents need it to answer the questions of 
their children. youth can use 
it to enrich its romantic appeal. The col- 
will learn from it how to 
present an interesting subject without dry- 
ing it up in academic jargon. From theo- 
ries of the moon’s origin, thru its motions, | 
its tidal effects, its functions in eclipses to | 
its intrusions into the literature and folk- 


Ambitious 


lege professor 


lore of the ages, the author leads his reader | 
on, both delightfully The 
Story of the Moon will stay on the table 
and in the CHICAGO 
Tribune. . | 


and profitably. 


not bookcase.”” 


This is the 
Fourth Title in | 
the | 
American Museum | 
of Natural History 


Science Series 


At your 
bookseller’s 


$3.00 


| 
DOUBLEDAY, | 
DORAN 
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w BOOKS AND THE SKY 


THE STORY OF THE MOON 


Clyde Fisher. Doubleday, Doran and 
Company, Inc., Garden City, N. Y., 1943. 
301 pages. $3.00. 

HAT is more interesting to the 


average watcher of the skies than 
the moon? The story of this unique 
world has held the attention of peoples 
of all time. Clyde Fisher tells the story 
in the narrative style of an interested 
lecturer and student of science. 

In this new book the reader will find 
all the answers to questions he is likely 
to ask about the moon—from ideas of the 
ancients to the recent explanation of 
the apparent increase in the size of the 
moon when seen near the horizon. A 
chapter on the controversial subject of 
the origin of the lunar craters leads to 
one on meteor craters on the earth. This 
latter chapter is illuminated by accounts 
of the author’s visits to several of these 
mysterious scars, including the ones at 
Lake Kaali in Estonia. The study of 
these results of celestial bombardment 
is in its infancy. 

Considerably more than just the story 
of the moon is told in the chapter on 
eclipses. The personal experiences of 
the author observing solar eclipses are 
a noteworthy feature of the book. Here, 
as in the chapter on meteor craters on 
the earth, the reader is carried along as 
through the pages of a fascinating novel. 
A chapter on myths, mistakes, and folk- 
lore adds to the enjoyment and usefulness 
of the book. The reader learns, for 
example, that the old nursery rhyme of 
Jack and Jill has more significance than 
is at first apparent. Stories of other 
satellites than the earth’s moon are told 
in the concluding chapter. 

There are a bibliography and an index. 
The book is printed on dull paper with 
large, well-spaced type. Many fine 
photographs and drawings, including a 
chart of the prominent lunar markings, 


make this a very attractive volume. 
N. E. WAGMAN 
Allegheny Observatory 


THE GREATEST EYE IN THE 


WORLD 


Frederick Collins. D. Appleton-Century 
Co., New York, 1942. 266 pages. $3.00. 


HIS versatile author has added an- 

other popularly written volume to his 
already long list of books intended to in- 
terest the amateur and man-on-the-street. 
On this occasion he discusses telescopes 
and their making, with special reference 
to the great 200-inch reflector which is 


being erected on Mt. Palomar in Cali- 
fornia. 
This book treats of the evolution of 


the telescope, the making of lenses and 
mirrors, as well as the mountings for the 
proper use of telescopes, both large and 
small. Although one might not be able 
actually to construct his own telescope 
after reading the opening chapters, he 
will have obtained a very good history 
of telescopes and how they came into 
use. 

Following the chapters on the instru- 
ments themselves, the author gives fairly 


accurate historical accounts of the most 
prominent American observatories, as 
well as of the Royal Observatory at 
Greenwich, England. It is very evident 
that the author had not visited all the 
observatories mentioned, but obtained his 
facts in great part from published records 
and accounts, some of them rather old. 
However, one obtains, after reading the 
several chapters, a good picture of how 
each observatory was started, its growth, 
and its greatest achievements. 

A number of typographical errors, 
particularly in spelling astronomers’ 
names, mar but do mot detract from the 
value of the book for its purpose. 

As one layman said to the reviewer 
after reading some of the chapters on 
the individual observatories, “I am glad 
the author has put into book form some 
of the interesting facts concerning our 
largest observatories.” Doubtless others 
will be similarly impressed—the book 
should be in the hands of every astro- 
nomically minded reader. 

LEON CAMPBELL 
Harvard College Observatory 


DICTIONARY OF SCIENCE AND 
TECHNOLOGY 


In English - French - German - Spanish. 
Maxim Newmark. Philosophical Library, 
New York, 1943. 386 pages. $6.00. 


very good and useful book—but the 

title is somewhat misleading. Science 
actually is comprised in the vocabulary 
only so far as it is an auxiliary for tech- 
nology. The astronomer, therefore, will 
not have much success in finding his 
words for his own science. Since survey- 
ing is one of the subjects covered, you 
find azimuth (French, azimut; German, 
Azimut; Spanish, azimut), but you miss 
right ascension. 

The arrangement is very convenient. 
The first section lists, besides many cross 
references, in 9,621 entries: the English 
word in American usage (Anglicisms be- 
ing quoted with reference to the Ameri- 
can word), followed by the French, Ger- 
man, and Spanish translations, and at the 
end a running number. 

The third, fourth, and fifth sections 
contain an index of the French, German, 
and Spanish terms, respectively. These 
three sections quote only the foreign 
word and refer to the running number 
of the first section, an easy and com- 
fortable way to provide for the reader 


the largest information in the smallest 
space. 
Section Two. provides “Conversion 


Tables.” It contains the commonly used 
American .units and the decimal units in 
their reciprocal relations, for length, 
area, volume, capacity of liquid and dry 
measures, and masses, a very valuable 
extra for the study of scientific and tech- 
nological literature. Unfortunately, the 
print of these tables is so washed-out that 
their value is seriously affected. Also the 
print of the other sections and the paper 
are of such inferior quality that they sur- 
prisingly contrast with the high price of 
the book. 
RICHARD PRAGER 
Harvard College Observatory 

















BEGINNER’S PAGE 


VARIABLE STARS—IV 


| Forts month we discussed the period- 
luminosity relationship of the clas- 
sical Cepheids, with periods ranging 
from one to about 20 days, and the 
cluster-type Cepheids, which display 
their cycle in less than a day. Neg- 
lecting for the moment some variables 
with periods in the 20-40-day range, let 
us consider the ‘large group known as 
long-period variables. 


eids may be considered as_ related 
groups rather than a continuous series, 
in spite of a number of stars that fall 
into the space between the two main 
periods and which seem to be odd mem- 
bers from both sides that wander into 
this no-man’s land. 

Although Mira Ceti is the classifica- 
tion applied to about 90 per cent of the 
long-period variables, their inclusion in 





The light curve of the long-period variable, Chi Cygni, as observed 


by members of the A.A.V.S.O. 


Its brightness changes more than 1,000 


times, or nearly 10 magnitudes, in a period of about 400 days. 


‘A long-period variable, of which 
Mira (Omicron Ceti) is the original 
example, may be defined as one with a 
period of more than 40 days, that has 
not been assigned definitely to another 
class of variables, that has a variable 
spectrum of type G or later, and with 
the characteristics of the giant or super- 
giant stars. This definition is inten- 
tionally rather liberal, as the former 
requirements (of a period of over 50 
days, spectral class M, and a variation 
of at least 2.5 magnitudes) had excep- 
tions, and it seemed better to make the 
general definition as inclusive as possible, 
and then to note the various groups 
within this larger family. 

The long-period variables and Ceph- 


one class depends more on their spectra 
than on a close similarity in the form of 
their light curves. ‘These stars are 
known as Me, and are characterized by 
a strong spectrum in the red and in- 
frared, strong titanium oxide bands, 
and bright emission lines due to hydro- 
gen, which appear at about the time the 
star is midway on the up-curve in 
brightness, and increase in intensity up 
to maximum light of the star. 

The remaining 10 per cent of the 
long-period variables fall in Se, with 
spectra similar to Me, but with zirco- 
nium oxide bands instead of those of 
titanium oxide; Ne, with a continuous 
spectrum in the red and infrared and 
with carbon and hydrocarbon bands; 





Sauce for the Gander 


EADERS are asked to send in ques- 

tions, from which this editor will 
select the best each month to answer 
here. The last question is left unanswered, 
but the reader should be able to find the 
answer for himself. This month's ques- 
tion came from A. N. Gerton, of Philadel- 
phia, and from others. 

Q. Does the earth rotate at an abso- 
lutely constant rate? 

A. No. There are a number of factors 
which affect the rate of the earth’s rota- 
tion. For one, tidal friction is slowing it 
gradually and unevenly, at a rate of about 
1/1,000 of a second a century. But the 
energy lost by the earth in this manner 
is absorbed by the moon, so that the 
size of its orbit is increasing. 

Physical law states that a body always 
conserves the momentum of its rotation. 
Hence, if air and sea currents flow gen- 
erally eastward, the earth will rotate 
slower; if westward, faster. Every change 
in the distribution of the earth’s mass 


by geologic action or human agency also 
affects the rotation. Movement of mass 
toward the equator increases its distance 
from the axis of rotation, hence increases 
the moment of angular momentum and 
thus slows down the earth. It follows 
that every movement of a human being 
changes, however slightly, the earth’s 
rotation, 

Another factor is change in tempera- 
ture. If the earth or a portion of it 
becomes cooler, it contracts, and by the 
same principle as that above, its rotation 
is speeded. Varying tidal forces also 
change the shape of the earth, and the 
amount of its equatorial bulge. Meteors 
reaching the earth add their motions, 
too, either increasing or decreasing the 
rotation; their average effect is to de- 
crease it. There are other factors, some 
known, some unknown, all of which cause 
vagaries in the rotation, and consequent 
slight changes in the length of the day. 

Q. What are the best pronunciations 
of the names of Orion’s two brightest 
stars, Betelgeuse and Rigel? (See pages 
12 and 13.) L. J. LAFLEUR 








By Percy W. WITHERELL 


and Re, with a continuous spectrum, 
with strong metallic lines, neutral cal- 
cium, and strong carbon and hydrocar- 
bon bands. 

Long-period variables are supergiant 
stars, but of lower tempera ures than 
the Cepheids. Mira is supposed to have 
a very dense core, but an atmosphere of 
about the density obtained by a vacuum 
pump on the earth, but the star fills a 
sphere with a diameter about the size of 
the orbit of Mars. 

In addition to the classes of variables 
already mentioned, there are several in- 
teresting groups in the general sequence. 
At one end there are the Beta Canis 
Majoris stars, with very short periods 
of from 2.5 to eight hours and variations 
so small that a spectroscope is needed to 
detect them. They are _ bluish-white 
stars with spectra of class B. 

Another interesting group is com- 
posed of the RV Tauri stars, which 
add variety to some of their other pe- 
culiarities by interchanging the succes- 
sion of their maxima and minima in a 
rather whimsical manner. (See page 3.) 

Then, of course, as everywhere else 
in nature, there have to be so-called 
irregular and semiregular classifications. 

What have we noted as the char- 
acteristics of this series of interrelated 
groups of intrinsic variables? It is that 
they each show a continuous variation 
in brightness, color, and spectrum, 
which indicates changes in temperature; 
also, variation in the velocity of approach 
and recession of the surface, the result 
of continual fluctuation in the diameter 
of the star. This means also a_ con- 
tinual change of pressure, and conse- 
quently, of density. ‘The periods may 
be anywhere from 1.5 hours to over 
two years. 

The pulsation of a variable may be 
briefly explained thus: In an ordinary 
star there is an internal equilibrium be- 
tween the inward pressure of the weight 
of the outer layers and the outward 
pressure of the gas and radiation. Sup- 
pose the star were forced to contract, 
the internal pressure and temperature 
would increase, and the star would be 
forced to expand. If it expanded to a 
larger diameter than its normal size, 
the pressure would be lowered and the 
gravitational pull would cause the star 
to contract. Once started, such an oscil- 
lation would continue indefinitely. Th 
rise of internal temperature due to com 
pression will take a little time to reach 
the surface, which agrees with the ob- 
servation of maximum luminosity at the 
time of approach. The greatest changes 
in light and velocity occur with the 
greatest amount of pulsation. The 
period of pulsation varies with the mean 
density of the star. The contraction 
is about five to 11 per cent of its 
radius, 
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QUANTITY 


need not sacrifice 


ACCURACY 


in optical manufacturing 


* 


Before the war, our chief 


aim was the production of 


optical material and equip- 


unequaled 


ment possessing 


precision. 


Today volume of output is all- 
important too, and we are glad 
to report that although this 
output has increased many- 
fold, Perkin-Elmer standards 
of accuracy remain unchanged. 
In the postwar period, we 
shall again be pleased to place 
Perkin-Elmer facilities at your 
disposal for optical engineer- 


ing, design and manufacturing 
of the highest calibre. 
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GLEANINGS FOR A. T. M.s 


DESIGNING AN ACHROMATIC OBJECTIVE—VI 
(Continued from the April issue) 


11. Oblique Pencils. We have now de- 
signed our lens so that the axial chromatic 
and spherical aberrations are within toler- 
able limits. It remains to investigate the 
aberrations of image-points not on the 
axis. These aberrations are curvature of 
field, coma, distortion, and astigmatism, in 
the order in which we shall investigate 
them. 

Determination of curvature of field, 
coma, and distortion requires only the 
tracing of three selected rays of an oblique 
pencil by the fundamental equations, and 
the application of certain closing equations 
which we shall develop. But first we must 
trace our oblique pencil by the usual 
equations. 

12. Trigonometrical Tracing of an 
Oblique Pencil. Let the rays (Figure 12) 
a, c, b, represent the three rays of an 
oblique pencil. The initial data for these 
rays will be La, Le, Le, the initial inter- 























Fig. 12. An oblique pencil. 


section-lengths, and U., Uc, Us, the initial 
angles with the optical axis. Since we are 
dealing only with light from infinity in our 
astronomical objective, these rays will all 
be parallel. Hence Us = Ue = Up. 

Moreover, the central ray, c, which we 
shall term the chief ray, will meet the first 
surface of the lens at the axis, hence Le = 
0. (If we wished to be strictly accurate 
with respect to the limit of the field of 
view, we could not bring our chief ray in 
at this point, but for our purposes it will 
make no difference.) 

To determine the values of U, we must 


ment, for we will want to take an oblique 
pencil at the extremity of the field of view, 
for there the aberrations we wish to in- 
vestigate will have their greatest value. The 
field of view of our instrument is limited 
only by the diameter of the image which 
can be included in the largest eyepiece we 
expect to use. The lowest power we would 
probably ever wish to use on a 6-inch 
telescope would be 50. If the apparent field 
of view of our largest eyepiece is 45 de- 
grees, then, 
f tan 2214° 
tan V = ———__,, 
F 
where f is the focal length of the eyepiece, 
F the focal length of the objective lens, and 
V is the semidiameter of the true field of 
view in degrees. A magnifying power of 
50 would give us 1.8 inches for f, but since 
we are not making our own eyepiece, we 
will have to be satisfied with a commer- 
cially obtainable focal length, let us say two 
inches. F, of course, is 90 inches. So we 
have 
2 tan 221,4° ) 


VY = arc tan ( 
90 


—— a ( ) =e SF. 


This, then, is our value of Us, Un, and Ue. 


.828 


And for the rays a and b we have, ob- 
viously, 
Le= r/tanUs. = r/tanUe= 322.279 


Le = —r/tan U»= —r/tan Ue = —322.279, 
the minus sign indicating that the ray meets 
the lens below the axis. In the diagram, Up 
is positive, hence L» will come out nega- 
tive as drawn. 7, of course, is the semi- 
diameter of our lens, three inches, and is 
not to be confused with its radius of 
curvature. 

We now have all the necessary data, and 
can trace a, c, and b through the objective, 












































investigate the field of view of our instru- as shown in Table VII. 
Table VII 
COMPUTATION SHEET 
Surface } Surface 2 Surface 3 
r = 53.100" By = 1.87250 r = -30,177" By = 1.61700 r= -365.000" By = 1.000 
s 2 > £ ® > £ a b 
L ) 322.279 -222.279 -0.780 112.4443 205.638 1.3202 128,950 258,825 
-r 53.100 -53.100 _-53.100 30.177 30.1770 30.177 365.0090 365.000 365.000 
L-r 53.100 269,179 -375,379 29,297 142.6213 233,815 363.6798 493.950 623.825 
log (1-r) 1.72509n 2.43004 2.574472 1.46830 2.15418 2.36887 2.56072 2.69368 2.79506 
+log sin U 7.96887 7.96087 7.96887 7.77228 8.42327 8,16686n 7.76075 8.36223 8.08196s 
log (l-r) sin U 9.69396n 0.39691 0.54334n 9.24058 0.57745 0.53573n 0.32147 1.05591 0.857022 
-log r 1.72509 1.72509 1.%509 1.47968n 1.47968n 1.47966n  2.56229n 2.56229n 2.56229n 
log sin I 7.96887n 8.67382. 8.81825n  7.76090n 9.09777n 9.05605 7.75918m 8.49362n 8.29473 
+log K/n' 0.19659 0,19659' 0.19659 0.01212 0.01212 0.0142 0.20871 0.20871 0.20871 
log sin I' 7.77228n 6.47723 6.62166n  7,74878n 9.C8665n 9.04393 7.96789n 8.70233n 8.50344 
#log r 1.72509 1.72509 1.72509 1.47968n 1.47968n 1.47968n  2.56229n 2.56229n 2,56229n 
log r sin I'  9,49737n 0.20232 0.34675n .22846 0.86533 0.5236ln 0.53018 1.26462 1.06573n 
-log sin U' 7.77228 8.42327 8.16686n 7.76075 8.36223 8.06196n 7.96887 8.62591 8.3747 
log (L'-r) 1,72509n 1.77905 2.17989 1.46771 2.20310 2.46165 2.56132 2.63871 2.69098 
v 0-32-00 0-32-00 0-32-00 0-20-21 1-31-07 -0-50-29 0-19-49 1-19-10 0-39-39 
+1 0-32-00 *2-42-17 -3-46-23 0-19-49 -7-11-43 46-31-59  -0-19-45 -1-47-09 +1-07-46 
Us! 0-00-00 3-14-17 -3-14-23 0-00-32 -5-40-36 5-41-30 0-00-04 -0-27-59 0-28-07 
“I 40-20-21 -1-43-10 +2-23-54 0-19-17 46-59-46 -6-21-09 +0-31-56 +2-53-18 -1-49-% 
uv 0-20-21 1-31-07 -0-50-29 On19-49 1-19-10 -0-39-39  _ 0-32-00 _2-25-19 -1-21-29 
=a aS Sa =————_ 

Lier -53,100 60.1243 151.38 29.3568 189.627 289.502 364.178 435,222 . 490.883 
+r 53,100 +53,100 453.100  -30.1770 _-30.177 _-30.177  -365.000 -365.000 -365.000 
L' O 113.2243 204.418 -.8202 129.450 259.325 -.822 70.222 125,883 
-a' 2,780 _-.7800 _ -.780 ~.5000 __-.500 __-.500 = 
ly ~.780 112.4443 203.638 =1,3202 _128,950 _ 258.825 
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13. Closing Equations. Our final inter- 
section-lengths and angles come out: 


c a b 

L’ —0.822” 70.222” 125.883” 

U’ 0°32’00"% 2°25/197% .—1°21’29” 
We must not be alarmed at the discrep- 
ancies, for here we are dealing with oblique 
rays. Now we determine their intersection 
points with each other. 

We wish to locate the points B’a» and 
Q in Figure 13, and to define their positions 
with respect to the pole A of the last sur- 
face of the lens. We have AB’1 = L’,; 
ABD, = Ly; AV. = Ie; AVa = L'a; 
ard, from the original equations for the 
axial pencil (Table VI), AB’n = L’. 


From the triangles B’. B’: B’a» and BY’, 
B’: B’an, we have B’aB’ = Ha 
=(L’.—L’s») tan Us 
= (L’»—L’s» ) tan U's (a) 
where, since U’» is negative, we must write 
(L’x—L’.») instead of (L’an—L’s). The 
point B’: being below the axis, the nega- 
tive sign is correct for H's. 


Hence, we can write: 


| ya —L’av 


tan U’» 





L’» —L’ a» tan U’, 


Now, using the well-known algebraic 
transformation: if a/b = c/d, then 


a Cc a c 











b+a d+c b--a d—c 
we can transform the above into 


L’, —L’a» 


tan U’,z—tan U’» 


tan U’» 











L’2—L’. 


Now, since tan x = sin x/cos x, we can 





SKY-GAZERS EXCHANGE 


Classified advertisements accepted for this 
column at 30c a line per insertion, 7 words 
to the line. Minimum ad 3 lines. Remittance 
must accompany orders. Address Ad Dept., 
Sky and Telescope, Harvard College Observa- 
tory, Cambridge, Mass. 


WANTED: 3”, or less, refracting telescope. Fine 
condition. Tripod. Write particulars. L. 
Lewis, 22 Liberty St., Poughkeepsie, N. Y. 


WANTED: 3 Herschel sun prisms, 144” wide, also 
flat about 2” wide, and very small achromats. 
A. Hegel, 2606 W. 8th St., Los Angeles, Cal. 


FOR SALE: B. & L. 35-lb. brass tripod; wheel 
and worm gear for lowering and raising. Suit- 
able 5” to 8” telescope. $15.00—fraction of 
original cost. Also Vion 33x rifle range 
"scope. Dr. F. N. Solsem, Spicer, Minn. 


BINOCULARS REPAIRED: Prism binoculars— 
field glasses—spotting scopes—telescopic sights 
—microscopes—resilvering of prisms and mir- 
rors. We repair, overhaul, make replacements, 
and accurately collimate all foreign and domestic 
makes of prism binoculars, field glasses, and 
microscopes. 

Three Day Delivery Service—Former Naval 
Ordnance Officer 


MARYLAND PRECISION OPTICAL COMPANY 
Baltimore & Casey Streets, Baltimore, Maryland 
“Optical Contractors to Government” 




















Fig. 13. The intersection points of ‘oblique rays. 


write the right-hand denominator of the 
above as 
sin U’. 
tan U’,—tan U’» = 
cos U’, 


sin U’acos U’»—sin U’scos Ua 


sin U’, 





cos U’» 





cos U’scos U’» 
sin (U’s—U’») 
Been SS: Sacereey 
cos U’scos U’» 
the last from the trigonometric equality 
sin (x+y) = sin x cos y*cos x sin y. 


Also, writing the right-hand numerator as 
tan U’» = sin U’»/cos U's, we have, finally 








sin U’» 
L’, —L’a» cos U’» 
L’.—L’, sin (U’.—U’») 


cos U’scos U’. 


sin U’scos U's 





sin (U’sa—U’») 


Transposing the equation into a solution 
for L’s», and putting the solution for 
(L’.—-L’a») in equation (a) (using tan = 
sin/cos), we have 


(L’»—L’.) sin U’scos U's 
L’ we — L’ et = 





sin (U’.—U’») 


(L’»>—L’:) sin U’» sin U’, 
H's» os . 





sin (U’.—U’») 


(Continued in August) 





A SIMPLE SEXTANT FOR 
PRACTICE 


Latimer J. Wilson has submitted the 
design of a very simply constructed sex- 
tant (described on page 21), which would 
provide the A.T.M. with a variation from 
telescopes, and, if well made with accu- 
rate scales, should be very useful and 
more than worth the effort. 

The optical diagram accompanying the 
article shows the setup quite clearly. The 
plane-parallel plate will give a slight in- 
crease in the optical path of the rays, not 
shown in the diagram, and the lenses 
should be mounted so as to provide easy 
and minute adjustment for the final col- 
limation. If thin spectacle lenses are used, 
as recommended, there should be little if 
any trouble with aberrations. 


E.B.B. 








* SCIENTIFIC DRAWING x 
AND ILLUSTRATING 
Scientific machine layouts, detailing, as- 
sembly drawings, textbook illustration, etc. 

All work neatly done. 


Best references—strictly confidential. 
K&T SCIENTIFIC DRAWING CO. 


900 North 102nd Street 
North Park, Seattle, Wash. 
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KITS — OUR SPECIALTY 

COMPLETE 6” KIT e « $3.98 

PYRes ees © a6: &hee Le. 
Other Sizes, Proportionately Low 

Pyrex Mirrors 
Made to order, correctly figured, polished, 
parabolized and aluminized. 
Aluminizing 
We guarantee a Superior Reflecting Sur- 
face, Optically Correct Finish. Will not 
peel or blister. Low prices. ‘ 
MIRRORS TESTED FREE 
PRISMS—EYEPIECES— 
ACCESSORIES 


FREE: Catalog—Telescopes, 
Binoculars, etc. 


Instruction for Telescope Making - 1i0c 


Precision Optical Supply Co. 


1001 East 163rd St. New York, N. Y. 


Microscopes, 
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ROSS LENSES 


SPECIAL LENSES, MIRRORS 
and PRISMS, of all sizes 


The Copernican Planetarium 
in the 
HAYDEN PLANETARIUM 
was designed and constructed by 


J. W. FECKER 


2016 Perrysville Avenue 
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Amateur Astronomers 


NOVA PUPPIS AND THE SOUTHERN HEMISPHERE 


HE November-December number of 

Revista Astrondémica, published in 
Buenos Aires by the Asociacion Argen- 
tina “Amigos de la Astronomia,” gives a 
first-hand account of the discovery of 
Nova Puppis by Dr. Bernhard H. Daw- 
son, who happens to be honorary director 
of the society of Argentine amateurs. 
We translate freely: 

“The discovery was made on the 8th 
of November, about 11:30 p.m. Our mem- 
ber was observing the sky from in front 
of his house when he saw a star of 
great brilliance (about magnitude 1.5) 
in the constellation of Puppis, the iden- 
tification of which star was completely 
impossible. Examination of charts which 
he had at that time showed no bright 
star in that part of the sky ...so he 
had to conclude that he had probably 
found a nova. Such a conclusion was 
amply confirmed by inspection of the 
charts of the Observatory [La Plata] 
and by spectra taken immediately after- 
ward by Dr. A. Wilkens. 

“As soon as this was definite, Dr. 
Dawson transmitted his finding to Cor- 
doba Observatory, the director of which, 
in turn, communicated with the other 
South American observatories and with 
Harvard. And upon announcement by 
Dr. Shapley that Dr. B. H. Dawson of 


In Focus 


ICTURED on the back cover this 

month is the Corona Borealis cluster 
of galaxies. In this region of the sky, 
very near the north galactic pole, the 
great 100-inch telescope is reaching 125 
million light-years into the depths of 
space, barely hindered by the obscura- 
tion by dust in our own galaxy. About 
400 members of this cluster, most of 
them in the class of elliptical galaxies, 
are here concentrated in an area of the 
sky equal to that of the full moon, ac- 
cording to Dr. Edwin P. Hubble. A few 
bright stars of our galaxy are in the 
field, and have the usual reflector diffrac- 
tion pattern. 

Quoting from Dr. Hubble’s Realm of 
the Nebulae: the members of this typical, 
great, compact cluster average about 6.1 
magnitudes fainter than the components 
of the famous Virgo cluster of galaxies. 
This makes them about 16.5 times as far 
away, and their spectra show a red shift 
corresponding to a speed of recession of 
13,100 miles a second, about 17 times 
that of the Virgo cluster. The apparent 
magnitude of the brightest cluster mem- 
bers is 16.5, the mean brightness of all 
is about 19, and the faintest are pre- 
sumably at the extreme limit of the 100- 
inch reflector, about 21.5. 

An out-of-focus item in this “In Focus” 
column might include an offering of a 
prize to the reader who counts the high- 
est number of galaxies on the reproduc- 
tion—something like counting the beans 
in a jar. We leave this open for further 
consideration. 
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La Plata Observatory had discovered a 
nova first hand (cable of United Press 
of the 1lth of November) it became 
clear that, at least in the Americas, our 
member had been the first to notice the 
presence of that star in the stern of the 
ship. 

“Today we know that this priority is 
absolute, and that our member is slated 
to receive the David B. Pickering Nova 
Medal, which is given to those observers 
who discover visually the appearance of 
a nova. With this, Dr. Dawson will be 
the first member of the A.A.V.S.O. to 
receive such a distinction.” 

After mentioning various independent 
discoveries which followed Dr. Dawson's, 
the readable South American journal con- 
tinues with an article giving many facts 
about Nova Puppis and its spectrum, in- 
cluding, we are pleased to say, a spectrum 
taken at Yerkes Observatory and appear- 
ing in the December Sky and Telescope. 

Anyone who likes to read Spanish 
and astronomy at the same time will 
enjoy Revista Astronomica.’ The remain- 
der of this issue contains: “Emission 
Lines in the Spectrum of Beta Crucis,” 
by Erich P. Heilmaier K., director of 
San Cristobal Observatory, Santiago, 
Chile; “Report of Cordoba Observatory 
for 1941,” by Enrique Gaviola, director; 
“Toward the Stars,” by Eppe Loreta 
(Part II). There are also astronomical 
notes, a list of society members, society 
notices, and a list of publications re- 
ceived, including the contents of period- 
icals. 


And the story of Nova Puppis as ob- 
served from the Southern Hemisphere 
does not end in South America, for 
Southern Stars, publication of the New 
Zealand Astronomical Society, has a 
Special Nova Issue for December, 1942. 
It tells the story of the discovery on 
November 10th by one of its members, 
A. G. C. Crust, at present serving in the 





Royal New Zealand Air Force at Wel- 


lington. He had also made, in 1918, an 
independent discovery of Nova Aquilae, 
the current new star’s most recent rival, 
giving Mr. Crust the distinction of dis- 
covering “two of the three brightest 
novae of modern times.” 

The report states that cloudy weather 
immediately followed the discovery of 
Nova Puppis in New Zealand, and that 
lack of observatory personnel owing to 
war service unfortunately prevented any 
serious work being done there. Never- 
theless, a list of magnitude observations 
is included in the issue, which shows the 
star’s maximum brilliance to have been 
0.0, brighter than any estimate in the 
Western Hemisphere. 

The remainder of the Special Nova 
Issue contains many worthwhile articles 
on Nova Puppis and new stars in gen- 
eral. Also, it carries a financial report 
of the society, and the annual address 
by the president, with the significant 
prelude: 

“The President of the Society, R. A. 
McIntosh, Esq., is serving in the Armed 
Forces, and being unable to attend the 
Annual Meeting, the following address 
was read from him to the Meeting... .” 
The address itself is full of the same 
loveyof astronomy and the desire to carry 
on which the circumstances of its writing 
and presentation would appear to indicate. 

Less pretentious than Revista Astro- 
nomica, but equally valuable, Southern 
Stars’ appears “either monthly or bi- 
monthly, according to circumstances.” 
Some of its material is abstracted from 
American publications, so that it brings 
to New Zealand amateurs the best in 
our popular writings. 


Nova Puppis was discovered in South 
Africa too, by professionals and amateurs. 
The Astronomical Society of South 
Africa, with 110 members, and headquar- 
ters at Cape Town, publishes Monthly 
Notes, but we do not have those giving 
the story of the nova. 

Ca ie 


1“*Edificio Mitre,”” Lavalle 900, Piso 9° B, 
Buenos Aires, Argentina. 

?Carter Observatory, Wellington W. 1, New 
Zealand. 





LETTER TO THE EDITOR 
Sirs: 

Since your readers seem to like the 
occasional meteorological articles appear- 
ing in your journal, some of them may 
be interested in an opportunity to get 
still more on the subject through the 
Bulletin of the American Meteorological 
Society. Subscriptions for the Bulletin 
or membership (which includes the Bul- 
letin) are at $3.50 per year. Anyone in- 
terested may apply for membership. 

Ten times a year members and sub- 
scribers receive a Bulletin which totals 
some 400 to 500 pages during the year, 
presenting papers explaining the results 
of recent investigations, shorter notes and 
announcements concerning interesting 
weather phenomena, and reviews and 
bibliographic announcements of current 
publications in the field. The Bulletin is 
thus an information source for latest de- 
velopments in weather science. 

Through the Book Service of the 


society members can conveniently pur- 
chase or borrow almost any publication 
relating to weather, climate, and asso- 
ciated science. 

Then there are the meetings, locally 
in some 25 different cities at the present 
time, and, twice to six times yearly, 
regional or national or international meet- 
ings, where the results of recent research 
are presented and discussed. The local 
meetings are held by the local seminars 
or branches of the society, having their 
own local organizations, which usually 
foster a certain amount of social activity 
in addition to the technical discussions. 
Their meetings range from weekly to 
monthly. 

We should be glad to send you or 
any of your readers a sample copy of 
the Bulletin; and a membership applica 
tion blank. 

CHARLES F. BROOKS, secretary 
American Meteorological Societ 
Blue Hill Observatory, Milton, Mass. 
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A department devoted to wartime subjects related to astron- 
omy, such as aerial and celestial navigation, and meteorology. 


A SIMPLE SEXTANT FOR PRACTICE 


By Latimer J. Wilson 


TUDENTS learning celestial naviga- 

tion may find their interest in the 
subject heightened if they are able to 
combine actual observation with the text- 
book material in solving problems. To 
“shoot” the sun, moon, planets, or stars, 
then to work out a line-of-position prob- 
lem, puts life into the subject. Instru- 
ments ordinarily used for such observa- 
tions are costly, and because of the de- 
mand for them in the war necessity, they 
are difficult to obtain. 

Sextants suitable for practice can be 
made by the students themselves. The 
simplest type is that which establishes a 
line from nadir to zenith, merely a plumb 
bob and a protractor. A string freely 
swinging from the center of a circle 
graduated in degrees which is attached 
to a sighting tube, with a weight at the 
end of the string, serves to measure 
roughly the altitude of a celestial object. 
The angle can be read by an assistant, or 
by holding the string against the pro- 
tractor after the object is sighted. Con- 
siderable error is caused by any slight 
movement while clamping the string 
against the protractor. 

A better type of instrument, and one 
which furnishes practice in using a bubble 
as a means of establishing a level, can be 
made with little expense. The air-bubble 
from any spirit level serves for this pur- 
pose, but a circular disk instead of a tube 
for the liquid is better. This kind of 
bubble can be obtained from certain hand 
cameras which are equipped with them, 
and is merely a flat glass disk, circular 
in shape, in which a liquid is sealed. A 
narrow circle is painted to indicate the 


exact center of the button. When the 
button is in a level position, the bubble 
occupies the area of this ¢ircle. 

Two spectacle lenses, one a_plano- 
convex, or a meniscus, of about 6.5 inches 
focus, the other, a double convex of about 
2.5 inches focus, are required; also, a very 
thin microscope slide cover-glass, a card- 
board tube, and a protractor. The button 
containing the bubble is attached firmly 
to one end of a wooden peg which is in- 
serted in the center of the protractor. It 
is necessary to have the bubble also pre- 
cisely on the axis passing through the 
center, otherwise considerable error is 
introduced in the angular altitude. A 
cardboard pointer is fixed to the wooden 
peg, or thumbscrew, perpendicular to the 
bubble-disk. If an arc equal to nine de- 
grees of the protractor is divided into 10 
divisions on the left side of the pointer, 
a vernier furnishing a least reading of six 
minutes of arc is obtained. With a pre- 
cisely adjusted instrument this would be 
the minimum reading. 

In the optical arrangement, the impor- 
tant feature is that the bubble is placed in 
the focus of the 2.5-inch lens. The thin 
cover-glass, mounted in the center of an 
elliptical cardboard frame, and fixed in the 
sighting tube at an angle of 45 degrees, 
reflects an image of the bubble-disk which 
is viewed through the lens. An ordinary 
magnifying lens can be used instead of a 
spectacle lens, just so that the bubble is 
in the focus and can be seen well defined 
when reflected from the cover-glass. The 
6.5-inch lens is the object glass of the 
instrument, and is mounted in the end 
of a short tube which slides outside the 
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B - Flat Bubble (as on a camera) 
C - Protractor V - Vernier at- 
tached to nointer--ratio 10:9 
D - Pointer, centered and fixed to 
thumbscrew that turns bubble 
L - 6.5" focus L' - 2.5" focus 

M - Micro cover glass unsilvered 

L'- Fixed to focus the bubble 
ST-Sliding tube to focus L on object 
SS - Sunscreen; aperture 1/8"; dense film 
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A cross-section view of the sextant. The pointer, thumbscrew, and protractor 


index are on the opposite side from that shown here. 


The bottom and sides 


of the tube are open around the bubble to permit light from the side and 


below to illuminate the bubble. 


For the sun, use a few thicknesses of dense 


film and an aperture of % inch. The optical diagram (above) was furnished 


by Earle B. Brown. 


The instrument will have an eye relief of about three 


inches, and since it is difficult to hold an instrument steady at a distance from 
the eye, a long eye-cap might be an advantage. The accuracy of the instrument, 
of course, depends entirely on the accuracy of the scales. 





Taking actual sun and star sights 
with one’s own homemade sextant, 
and then reducing the observations, 
provides practice and fun for the 
amateur student of celestial naviga- 
tion. For articles on position finding 
from celestial sights, see “Sky and 
Telescope,” issues of January and 
February, 1943. 


far end of the cardboard tube containing 
the cover-glass reflector. The heavenly 
body under observation is brought into 
visual focus by moving this object-glass 
tube, and is viewed directly by looking 
through the cover-glass mirror so that 
the image thus seen coincides with the 
bubble when it is brought to the center 
of the circle. 


An example follows: At a longitude 


86° 44’ W, latitude 36° 11’ N, the sun’s 
altitude was observed to be 29° 57’, when 
corrected for refraction. The observation 


was made at 10h 52m 21s (corrected) 
C.W.T., February 6, 1943. The GCT was 
15h 52m 218, and the GHA was 54° 34’ 
(from the Air Almanac). The meridian 
angle is then 32° 10’ E; the declination 
of the sun, 15° 45’ south. From tables, 
the computed altitude is found to be 29° 
49’, giving an intercept of 8’ toward the 
object observed. 

Another observation at 155 42m 38: 
GCT of an altitude of 29° 6’ gave a 
computed altitude of 28° 38’. At 16h 
30m 218 GCT: observed, 34° 4; com- 
puted, 33° 49’. “ 

Low and high altitudes are less ac- 
curately observed, chiefly because the 
line of sight to the center of the bubble- 
disk is oblique, and it is difficult to de- 
termine when the bubble is in the center 
of the circle and therefore level. There 
is also a slight displacement in the field 
of view. However, this simple equipment 
is suitable for practice work. With a 
comparatively large protractor and an ac- 
curate vernier, more refinement in results 
is possible. 
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CELESTIAL NAVIGATION 
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By means of specially drawn pictures and | 

a viewer, some of the most confusing prin- | 

ciples of celestial navigation spring into 

three-dimensional view in this new book. 

Long captions accompany each illGstration. 
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DEEP-SKY WONDERS 


HIS month finds the following objects 
in good position for observation with 
moderate-sized telescopes. Descriptions 


Norton's Star Atlas. 


Hercules. M13, 16h 
the famous globular cluster, just visible to 
and centrally resolvable 
in a 6-inch telescope. N.G.C. 6210, 16h 
42.4m, + 23° 54’; a small, bright plan- 


are from 


> 


39.9m, + 36° 33’: 


the naked eye, 
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disk about 8” in 
diameter, surrounded by a faint glow. 
M92, 17h 15.6m, + 43° 12’; a fine globu- 
lar, about 8’ in diameter, forming a tri- 
Pi and Eta Herculis. 


etary, with a bluish 


angle with 


Ophiuchus. M19, 165 59.5m, — 26° 
globular cluster, 5’ diameter. N.G.C. 6572, 
18h 10.2m, + 6° 50’; a small but extreme- 
ly bright, elliptical planetary, 7” diameter 
—perhaps the brightest of its kind. 


THE STARS FOR JUNE 


as seen from latitudes 30° to 50° north, 
at 10 p.m. and 9 p.m. on the 7th and 23rd 
of the month, respectively. The 40° north 
horizon is a solid circle; the others are 
circles, too, but dashed in part. When 
facing north, hold “North” at the bottom 
and similarly for other directions. This 
is a stereographic projection, in whic! 
the flattened appearance of the sky itsel! 
is closely reproduced, without distortio: 














OBSERVER. 3 PAGE 


All times mentioned on the Observer’s Page are Eastern war time. 


THE MOON AND PLANETS IN THE EVENING AND MORNING SKIES 





In mid-northern latitudes, the sky appears as at the right at 4:30 a.m. on the 
7th of the month, and at 3:30 a.m. on the 23rd. At the left is the sky for 
10:30 p.m. on the 7th and for 9:30 p.m. on the 23rd. The moon’s position is 
marked for each five days by symbols which show roughly its phase. Each 
planet has a special symbol, and is located for the middle of the month, 
unless otherwise marked. The sun is not shown, although at times it may 
be above the indicated horizon. Only the brightest stars are included, and 
the more conspicuous constellations. 


OCCULTATIONS—JUNE, 1943 


Local station, lat. 40° 48.6, long. 4h 55.8m west. 





Date Mag. Name Immersion p.* Emersion P.* 

June 6 5.1 Zeta Cancri 8:53.0 p.m.7 149° 9:39.0 p.m.7 241° 
6 6.4 BD +18° 1882 9:42.0 p.m. 110° 10:40.4 p.m. 277° 
8 6.7 BD +13° 2164 9:35.5 p.m. 95° 
11 6.1 10 Virginis 8:03.3 p.m. 173° 8:56.8 p.m. 246° 
15 4.0 Gamma _Librae 7:27.5 p.m. 129° 8:34.4 p.m. 276° 
15 5.6 Eta Librae 0:45.4 a.m. 146° 1:42.8 a.m. 246° 
19 5.1 36 Sagittarii 3:59.1 a.m. 6 5:08.6 a.m. 275° 
20 5.9 19 Capricorni 11:16.0 p.m. 148° 11:46.8 p.m. 199° 
21 6.5 21 Capricorni 2:01.9 a.m. 96° 3:14.4 a.m. 237° 
21 4.2 Theta Capricorni 4:59.3 a.m. 104° 6:01.0 a.m. 218° 
27 4.3 Xi2 Ceti _5:01.0 a.m. 81° 6:06.5 a.m. 229° 


*P is the position angle of the point of contact on the moon’s disk measured eastward from the 
north point. ; 
+ See note about this star in the March, 1943, issue. 
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By Jesse A. FITZPATRICK 








PHASES OF THE MOON 


New MOO... i oxcd cua. June 2, 6:33 p.m. 
First Quarter sc... 5.6, June 10, 10:35 p.m 
PEN MOOR. ocis saess June 18, 1:i4a.m 
Reet dette? os. cs June 24, 4:08 p.m 


PLANET NOTES 


Mercury will reach greatest elongation 
west, 23° 01’, on June 18th. Rising more 
than an hour before the sun, the planet 
will be in good position for observation. 
Its magnitude is 0.7, but it will be dimmed 
by the long morning twilight. 


Venus will be in conjunction with and 
2° 03’ north of Jupiter on June Ist. On 
the 4th it will be in line with Castor and 
Pollux. On June 6th, Venus will be 4 
north of the moon, and through the day 
the nearness of these two bodies will aid 
an observer in locating the planet, which 
will be bright enough to be seen in day- 
light. On the 13th, the planet will be 1° 
north of the center of the Praesepe clus- 
ter. Venus will reach greatest elongation 
east, 45° 26’, on June 27th, setting over 
2% hours after the sun. 


2 


Earth will arrive at heliocentric longi- 
tude 270° at 3:13 a.m., June 22nd; sum- 
mer will begin in the Northern Hemi- 
sphere, and winter in the Southern. 


Mars, a morning star in Pisces, will 
reach magnitude +0.6 at the end of the 
month. 


Jupiter. See Venus. The planet will 
have moved into alignment with Castor 
and Pollux on June 23rd, 9° southeast 
of Pollux. 


Saturn and Uranus are too near the 
sun for observation. 


Neptune. See chart in the March 
issue. The planet will renew its progres- 
sive motion on June 11th. 
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PLANETARIUM NOTES 


Sky and Telescope is official bulletin of the Hayden Planetarium in New York City and of the Buhl Planetarium in Pittsburgh, Pa. 


* THE BUHL PLANETARIUM presents in June, THE BIG DIPPER. 


The most familiar of star figures is the subject of Buhl’s Theater of the Stars presentation. 


How the Dipper has changed 


during the past 100,000 years, and how it will look 100,000 years hence—how ancient peoples all over the world visualized the 
constellation—how the Dipper can be used as a celestial timekeeper—the fascinating legends and myths connected with the Dipper 
—the region of the Dipper as a sample of the universe—all these make up the interesting story of this best-known constellation. 


* THE HAYDEN PLANETARIUM presents in June, OUR SUN. (See page 6.) 


In July, SUMMER STARS. During July we will study the summer star groups. With more people living outdoors, the sky 
is increasingly important. Pilots, navigators, spotters, lookouts, all have an interest in learning the stars. The ancient myths are 
also interesting, based on the imaginative figures that people the sky. Through the telescope, photographs bring us close-up views 
of the clusters, nebulae, and other stellar features, which are projected in large and realistic fashion on our planetarium sky. 








% SCHEDULE BUHL PLANETARIUM % SCHEDULE HAYDEN PLANETARIUM 

Mondays through Saturdays (except Tuesdays)........3 and 8:30 p.m. Mondays through Fridays .............0000seweeee, 3:30, and 8:30 p.m. 

Sundays and Holidays.. 3, 4, and 8:30 p.m. COE iia ts aabindichedepsccnndiererntacentinece ll am., 2, 3, 4, 5, and 8:30 p.m. 
(Building closed Tuesdays) Sundays and Hollidays................cssssseresedy 3, 4, 5, and 8:30 p.m. 


*% STAFF—Director, Arthur L. 


Wagman; Manager, Frank S. McGary; Public Relations, Robert F. 
Hostetter; Chief Instructor of Navigation, Fitz-Hugh Marshall, Jr., 


Instructor, School of Navigation, Edwin Ebbighausen. 


Draper; Lecturer, Nicholas E. 


% STAFF—Honorary Curator, Clyde Fisher; Curator, William H. 
Barton, Jr.; Associate Curator, Marian Lockwood; Assistant Curator 
Robert R. Coles (on leave in Army Air Corps); Scientific Assistant, 
Fred Raiser; Lecturers, Charles O. Roth, Jr., Shirley I. Gale, John 
Saunders. 
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